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A narrow  fe l lo w  in  th e  g ra s s  
O c c a s io n a lly  r i d e s ;
You may have met him d id  
you n o t?
H is  n o t ic e  sudden  i s .
Have p a s se d , I  th o u g h t ,  a 
w h ip - la s h  
U n b ra id in g  in  th e  s u n , -  
When, s to o p in g  t o  s e c u re  i t ,  
I t  w r in k le d , and  was gone.
The g ra s s  d iv id e s  a s  w ith  a  
comb,
A s p o t t e d  s h a f t  i s  s e e n ;
And th e n  i t  c lo s e s  a t  y o u r f e e t  
And opens f u r t h e r  on .
S e v e ra l o f  n a t u r e 's  p eo p le  
I  know, and  th e y  know me;
I  f e e l  f o r  them a  t r a n s p o r t  
Of c o r d i a l i t y ;
He l i k e s  a  boggy a c r e ,
A f l o o r  to o  c o o l f o r  c o rn .
Yet when a  c h i l d ,  and b a r e f o o t ,  
I  more th a n  o nce , a t  morn.
But n e v e r met t h i s  f e l lo w . 
A tten d ed  o r  a lo n e .
W ithout a  t i t t e r  b r e a th in g .  
And z e ro  a t  th e  b o n e .
-Em ily D ick in so n
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A nderson , Mary E l l i s ,  M .S ., June  1977 Zoology
A sp ec ts  o f  th e  e co lo g y  o f  two symp a t r i e  s p e c ie s  o f  Thamnophis and 
h eav y  m e ta l a c c u m u la tio n  w i th in  th e  s p e c ie s  (147  PpT)
D i r e c to r :  D r. R oyal B ruce B runson
Two s p e c ie s  o f  g a r t e r  sn a k e s , Thamnophis e le g a n s  v a g ra n s  and 
Tham nophis s i r t a l i s  p a r i e t a l i s  w ere s tu d ie d  from  e ig h t  s e l e c te d  
s i t e s  i n  W estern  M ontana. A f o u r - f a c e te d  ap p ro ach  was fo llo w ed  
i n  th e  s tu d y  o f  th e  b io lo g y  o f  th e s e  a n im a ls .
One p a r t  o f  th e  su rv e y  e n t a i l e d  th e  a n a ly s i s  o f  th e  t i s s u e s  o f  
some sn a k es  and f ro g s  f o r  c o n ta m in a tio n  by le a d  and m ercu ry . Snakes 
from  s i x  s i t e s  w ere com pared t o  th o s e  ta k e n  from E a s t  H elena  from 
th e  v i c i n i t y  o f  th e  ASARC0 s m e l te r ,  and from th e  a r e a  o f  th e  stam p 
m i l l  a lo n g  F re d  B u rr  C reek a t  P h i l l ip s b u r g .  Thamnophis and f ro g s  
a t  E a s t  H e lena  in g e s te d  and a b so rb ed  more le a d  from t h e i r  e n v iro n ­
ment th a n  d id  th e  sn ak es  from  o th e r  s i t e s .  F rogs and f i s h  from 
F re d  B u rr  C reek  showed heavy  c o n c e n tr a t io n s  o f  m ercu ry .
S y m p a tric  p o p u la t io n s  o f  Thamnophis w ere compared in  r e l a t i o n  to  
te m p e ra tu re  and  fo o d  p r e f e r e n c e .  No obv ious d i f f e r e n c e  i n  a c t i v i t y  
te m p e ra tu re  ran g e  was p r e f e r r e d  by  e i t h e r  s p e c ie s .  The p r in c ip a l  
fo o d  ite m s  o f  th e  sn ak es in c lu d e d  am p h ib ian s , l e e c h e s ,  and s l u g s .  
L eeches w ere th e  m a in s ta y  o f  b o th  s p e c ie s  th ro u g h o u t th e  summer.
P o p u la tio n  s i z e  a s  an  i n d ic a to r  o f  e c o lo g ic a l  d is tu rb a n c e  was de­
te rm in e d  by  th e  c a p tu r e ,  m ark ing , r e l e a s in g ,  and  r e c a p tu r e  m ethod. 
M arking o f  th e  sn ak es  was done b y  s c a l e - c l ip p i n g .
G a r te r  sn ak es from W estern  Montana e x h ib i te d  a  w ide range  o f  
c o u n ts  o f  s c a l e s ,  e s p e c i a l l y  i n  th e  l a b i a l  s c a l e s .  A s t a t i s t i c a l  
a n a ly s i s  o f  th e  s c a le  c o u n ts  from  th e  s i x  s e l e c te d  s i t e s  w ere com­
p a re d  t o  th o se  o f  p re s e rv e d  specim ens and from an  e a r l i e r  s tu d y .  
S upp lem en tary  d a ta  on p o s s ib le  g e n e t ic  in h e r i ta n c e  were o b ta in e d  
from  th e  b ro o d s o f  f o u r  s n a k e s .
11
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CHAPTER I  
INTRODUCTION
The u se  o f  o rgan ism s a s  b io lo g ic a l  i n d ic a t o r s  was i n i t i a t e d  by 
M erriam  ( I894 ) » t h i s  m ethod was em ployed in  th e  p re s e n t  s tu d y  o f  heavy  
m e ta l c o n ta m in a tio n  and  e c o lo g ic a l  r e l a t i o n s h i p s  i n  th e  r e d - s id e d  g a r t e r  
sn ak e  ( Thamnophis s i r t a l i s  p a r i e t a l i s ) and  th e  w an d erin g  g a r t e r  snake  
( Tham nophis e le g a n s  v a g ra n s ) . M ercury and le a d  w ere ch o sen  a s  th e  a r e a s  
o f  c o n c e n tr a t io n  in  heavy  m e ta l a n a l y s i s ;  D ' l t r i  (1972) and  F r ib e r g  and 
V o s ta l  ( 1972) t o g e th e r  p ro v id e d  a  com prehensive summary on th e  s t a t u s  o f  
m e rc u r ia l  c o n ta m in a tio n , and  th e  N a tio n a l Academy o f  S c ie n c e s  (1972) p ro ­
v id e d  d a ta  on th e  c a u se s  and e f f e c t s  o f  le a d  p o l lu t i o n .  B ackground on 
e x i s t i n g  problem s in  Montana f o r  m ercury  and le a d  was o b ta in e d  re s p e c ­
t i v e l y  from  Van M eter (1974) and Gordon (1 9 7 2 ,1 9 7 3 ) .
The in c o r p o r a t io n  o f  r e p t i l e s  i n  e n v iro n m e n ta l ly -o r ie n te d  s tu d i e s  
h a s  b een  ig n o re d  u n t i l  t h i s  p re s e n t  d e c a d e . Dustman e t  (1972) in ­
c lu d e d  h e rp e to fa u n a  i n  t h e i r  rev iew  o f  m ercury  i n  w ild  a n im a ls  a ro u n d  Lake 
S t .  C l a i r .  B r i s b in  e t  a l . (1974) s p e c i f i c a l l y  chose  snake  s p e c ie s  a s  in ­
d i c a to r s  o f  ra d io c e s iu m  c o n ta m in a tio n ;  and  B a u e re le  ^  (1975) s e l e c te d
s p e c ie s  o f  sn a k es  f o r  a  su rv e y  on c h lo r in a te d  h y d ro ca rb o n s  and l e a d .
In  t h i s  p r e s e n t  s tu d y ,  g a r t e r  sn ak es  w ere chosen  in s te a d  o f  o th e r  
h e rp e to fa u n a  b ecau se  o f  t h e i r  r e l a t i v e  ab u n d an ce . As sn a k e s , how ever, 
th e y  a l s o  d is p la y e d  tw o c h a r a c t e r i s t i c s  t h a t  w ere i d e a l l y  s u i t e d  f o r  heavy  
m e ta l a n a l y s i s .  B ecause  i t  was th e  n a tu re  o f  snake  s p e c ie s  t o  m a in ta in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
a  home ran g e  o f  no more th a n  a  few k i lo m e te r s  ( H ir th  e t  1969) ,  an
a c c u ra te  m easurem ent o f  c o n ta m in a tio n  from  a  s p e c i f i c  l o c a l i t y  was p o s s ib le ,  
And| b e c a u se  sn a k es  a r e  a  p r e d a to ry  s p e c i e s ,  th e y  e x h ib i t  a  h ig h e r  con­
c e n t r a t i o n  o f  p o l lu t a n t s  th a n  members o f  o t h e r ,  low er t r o p h ic  l e v e l s  i n  
th e  same eco sy s tem .
DESCRIPTION OF THAMNOPHIS SIRTALIS PARIETALIS
Thamnophis s i r t a l i s  p a r i e t a l i s  Say (1 8 2 3 ) t th e  r e d - s id e d  g a r t e r  
sn a k e , was p re d o m in an tly  o l iv e  brown on th e  dorsum ; th e  v e n te r  and  caudum 
v a r i e d  from  a  s l a t e  g re y ,  b l u e ,  c ream , t o  y e llo w . The d o r s a l  s t r i p e  was 
w ide and  d i s t i n c t ;  i t  and  th e  l a t e r a l  s t r i p e s  w ere y e llo w . Two rows o f  
q u a d ra te  b la c k  b lo tc h e s  o c c u rre d  on b o th  s id e s  be tw een  th e  d o r s a l  and 
l a t e r a l  s t r i p e s ;  th e  f i r s t  was d i s t i n c t ,  th e  o th e r  c o n f lu e n t  (Schm idt 
and  D avis 1941)# B r ic k - r e d  t o  o range  b a r s  b ro k e  up  th e  o l iv e  dorsum , 
w hich had  c o rre sp o n d in g  r e d  s k in  below  th e  b a r s .  Orange c o lo r a t i o n  may 
be  e x te n d ed  up t o  th e  p o s t e r i o r  u p p e r  l a b i a l s .  B lac k  d o ts  o c c u rre d  on 
e i t h e r  one o r  b o th  s id e s  o f  th e  u p p e r l a b i a ,  on th e  t h i r d  s c a le  from  th e  
r e a r .  E x tr a  s c a l e s ,  w hich w ere t r i a n g u l a r ,  w ere found  o c c a s io n a l ly  be tw een  
th e  t h r e e  p o s t e r io r  s c a l e s  on th e  u p p e r  l a b i a .  The m a jo r i ty  o f  specim ens 
d is p la y e d  th e  fo l lo w in g  s c a l e  c o u n ts ;  (from  r i g h t  t o  l e f t )  u p p e r l a b i a l s :  
7 -7 ;  lo w er l a b i a l s  : 10 -10 ; d o r s a l  row : 19- 19-17  o r  19 -19-16 ; v e n t r a l s :
150- 178 ; c a u d a ls : 6 5 -95 •
The r e d - s id e d  g a r t e r  snake  was f i r s t  d e s c r ib e d  a s  C o lu b er 
p a r i e t a l i s  by  S ay ; l a t e r ,  i t  was r e c l a s s i f i e d  b y  Cope in  1875 e s  E u ta e n ia  
s i r t a l i s  p a r i e t a l i s . The f i r s t  specim ens t o  be  c o l l e c t e d  o f  t h i s  s p e c ie s  
w ere fo u n d  i n  1873 b y  D r. Coues (Cope I9OO). The s p e c ie s  was p r im a r i ly
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r i p a r i a n ,  and  h a s  b e en  found  fr<wn s e a  l e v e l  t o  8000 f e e t  in  e le v a t io n  
(W righ t and  W right 1957)• I n  w e s te rn  M ontana, a  sy m p a tr ic  a s s o c i a t io n  
c<xnmonly o c c u rre d  b e tw een  t h i s  s p e c ie s  and th e  w an d erin g  g a r t e r  snake  
( Tham nophis e le g a n s  vagrai«?) .  The s u b s p e c i f i c  g roup  p a r i e t a l i s  was d i s ­
t r i b u t e d  more w id e ly  th a n  th e  o th e r  s u b s p e c ie s  i n  th e  U n ite d  S t a t e s  ; i t  
h a s  b e e n  found  from  th e  M is s i s s ip p i  R iv e r  t o  U ta h , and  e a s t e r n  Nevada and  
s o u th e rn  Id a h o , s o u th e rn  A lb e r ta ,  S askatchew an  and  M an itoba , so u th w ard  
th ro u g h  th e  G rea t P la in s  t o  Oklahoma (R uthven  19O8 , S te b b in s  I 966 ) .
DESCRIPTION OF THAMNOPHIS ELEGANS VAGRANS
In  1853 B a ird  and  G ira rd  d e s c r ib e d  Thamnophis e le g a n s  v a g ra n s , 
th e  w an d erin g  g a r t e r  sn a k e . The o v e r a l l  c o lo r  was o l iv e  t o  e a r th e n .  A 
y e llo w  d o r s a l  s t r i p e ,  w hich was o f te n  i n d i s t i n c t ,  e x te n d e d  th e  le n g th  o f  
th e  b o d y . Two l a t e r a l  s t r i p e s  w ere p r e s e n t ,  a l s o .  A p a i r  o f  b la c k  
c h e c k e rs  p a r a l l e l e d  th e  s t r i p e s  and w ere lo c a te d  b e tw een  th e  d o r s a l  and 
l a t e r a l  s t r i p e s .  W hite sp e c k s  w ere lo c a te d  i n t e r s t i t i a l l y  among th e  
d o r s a l  s c a l e s ;  th e y  w ere m ost o b v io u s when th e  s c a l e s  w ere d is te n d e d .  The 
v e n t r a l  s c a l e s  had  a  b la c k e n e d  c e n t e r ;  a  l e s s e n in g  i n  th e  m e la n i s t i c  p ig ­
ment o c c u rre d  a t  t h e  a n t e r i o r  and  p o s t e r io r  v e n t r a l s .  F r e q u e n t ly ,  t h e r e  
was more th a n  one u n d iv id e d  c a u d a l random ly d i s t r i b u t e d  among th e  o th e r  
c a u d a l s c a l e s .  L a b ia ls  te n d e d  t o  be  m e la n i s t i c  i n  th e  c o rn e r s  o f  th e  
mouth ; and  y e llo w  d o ts  w ere p re s e n t  i n  th e  c e n te r  o f  th e  p a r i e t a l  s c a l e s .  
The norm al s c a le  c o u n ts  f o r  th e  s p e c ie s  w e re : (from  r i g h t  t o  l e f t )  u p p e r
l a b i a l s :  8 - 8 ;  lo w er l a b i a l s ;  10 -10 ; d o r s a l  row co u n t : 21 -21 -17  o r  
2 0 -2 0 -1 7 ; v e n t r a l s ;  147- I 8 4 ; c a u d a l s : 6 0 -9 3 .
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The w an d erin g  g a r t e r  snake was f i r s t  d e s c r ib e d  a s  E u ta e n ia  e le g a n s  
v a g ra n s  b y  B a ird  and  G ir a rd t  and  i t  was f i r s t  c o l l e c t e d  i n  M ontana by 
D r. Coues i n  th e  1870*s  (Cope 19OO). T h is  s p e c ie s  was c o r r e c t l y  named 
f o r  i t s  h a b i t a t  p r e f e r e n c e ;  i t  h a s  b een  found  in  many v a r i a b le  e c o ty p e s , 
t e r r e s t r i a l  o r  a q u a t i c .  I t s  ra n g e  in  a l t i t u d i n a l  d i s t r i b u t i o n  was from 
s e a  l e v e l  t o  10,300 f e e t  (S te b b in s  I96 6 ) .  N a t io n a l ly ,  t h i s  s p e c ie s  h a s  
b e en  found  from  th e  G re a t B a s in  and th e  Rocky M ountain R anges, from  A lb e r ta  
and  B r i t i s h  Colum bia so u th w a rd , e a s tw a rd  from  w e s te rn  S o u th  D akota and 
Oklahoma t o  th e  s o u th e rn  l i m i t s  i n  h ig h  S i e r r a  Nevada and so u th w e s te rn  
New M exico (R uthven  I9O8 , W r i ^ t  and  W r i ^ t  1957)*
PURPOSES OP THIS STUDY
The p rim ary  o b je c t iv e  o f  t h i s  s tu d y  was t o  d e te rm in e  th e  p o t e n t i a l  
o f  g a r t e r  sn a k es  a s  a n  i n d i c a t o r  s p e c i e s .  T h is  s tu d y  com pared d a ta  from 
r e l a t i v e l y  n o n -co n ta m in a te d  a r e a s  w ith  c o n ta m in a te d  a r e a s  f o r  b o th  m ercury  
and  l e a d ;  m uscle  and  l i v e r  t i s s u e  w ere a n a ly z e d  in  th e  s u rv e y .
The se co n d a ry  o b je c t iv e  was t o  i n v e s t i g a t e  th e  sy m p a tr ic  r e l a ­
t i o n s h ip  be tw een  th e  two s p e c ie s  i n  th e  a r e a  o f  fo o d  p re fe re n c e s  and  body 
te m p e ra tu re  a c t i v i t y  r a n g e s .  The t e r t i a r y  o b je c t iv e  was t o  a s c e r t a i n  by  
a  s t a t i s t i c a l  t e s t  th e  v a l i d i t y  i n  th e  u sag e  o f  p o p u la t io n  s i z e  a s  an  in ­
d i c a t o r  o f  e n v iro n m en ta l d i s tu r b a n c e .  The f i n a l  o b je c t iv e  was t o  su rv e y  
th e  g e n e t ic  v a r i a t i o n  i n  th e  s c a le  c o u n ts  and p a t t e r n s  o f  b o th  s p e c ie s  o f  
g a r t e r  sn a k e s ,
A c h a p te r  on each  o f  th e  o b je c t iv e s  f o l lo w s ;  th e y  have b e e n  
t r e a t e d  a s  in d iv id u a l  u n i t s .  B ecause  o f  t h i s  a p p ro a c h , a n  in t r o d u c to r y
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s e c t i o n  h as  b e en  in c lu d e d  in  each  one o f  th e  c h a p te r s ;  th e re b y  i t  p ro ­
v id e d  th e  im m ediate background  d a ta  w hich w ere p e r t i n e n t  t o  th e  s p e c i f i c  
o b j e c t i v e .
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CHAPTER I I  
DESCRIPTION OP COLLECTION SITES
H e rp e to fa u n a  w ere c o l l e c t e d  from  e le v e n  s i t e s ;  t e n  o f  th e s e  s i t e s  
w ere i n  W estern  M ontana. At m ost o f  th e s e  s i t e s  o n ly  Thamnophis w ere c o l ­
l e c t e d ;  how everf am ph ib ians w ere c o l l e c t e d  a t  s p e c i f i c  s i t e s  f o r  heavy  
m e ta l a n a l y s i s .  The s i t e s  w ere ch o sen  from  p re v io u s  c o l l e c t i o n  r e c o r d s .  
T hree  o f  th e  f a c t o r s  w hich w ere im p o rta n t i n  th e  s e l e c t i o n  o f  th e  s i t e s  
w ere 1) th e  r e l a t i v e  d is tu rb a n c e s  t h a t  o c c u rre d  a t  th e  s i t e  from  man-made 
c a u s e s t  2) th e  s i z e  o f  th e  p o p u la t io n  o f  Thamnophis w hich in h a b i te d  th e  
a r e a ,  and  3) th e  p re se n c e  o f  g r a v id  in d iv id u a ls  w hich w ere s e l e c t e d  f o r  a  
g e n e t ic  s tu d y  o f  th e  s p e c i e s .
WOODS POND
Woods Pond (Tow nship 20N, Range 19W, S e c t io n  2 0 , Lake C ounty) was 
an  a r e a  w hich c o n ta in e d  a  sm a ll perm anent pond a lo n g  th e  a c c e s s  ro a d ; two 
s m a l le r  b o d ie s  o f  w a te r ,  and  a  m arsh . I t  was a p p ro x im a te ly  32 k i lo m e te r s  
s o u th  o f  P o iso n , and  3 k i lo m e te r s  e a s t  o f  Highway 93»
The perm anent pond was s p l i t  by  th e  r o a d . The n o r th  s e c to r  (142 
m e te rs  i n  p e r im e te r )  was c o v e red  i n  abundance by  th e  y e llo w  w a te r  l i l y  
( Nuphar a d v en a ) and  th e  w a te r  b u t te r c u p  ( R anunculus a q u a t i c u s ) .  The 
so u th  s e c t o r  (100  m e te rs  i n  p e r im e te r )  had  th e  same p la n ts  on i t s  s u r f a c e ;  
how ever, i t  was more s h e l t e r e d  by  t r e e s  and s h r u b s .  The pon d ero sa  p in e  
( F in n s  p o n d e ro sa ) and  th e  s u b - a lp in e  f i r  ( A bies l a s io c a r p a ) c au se d  th e
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S o u th e rn  end o f  th e  pond t o  b e  s i g n i f i c a n t l y  c o o le r  th a n  th e  n o r th e r n  e n d . 
C a t t a i l s  ( Typha l a t i f o l i a ) w ere i n  a  sm a ll c l u s t e r  i n  th e  n o rth w es t e n d . 
One o f  th e  s m a l le r  p o n d s, w hich was i n  th e  wooded a r e a ,  was s o l e l y  c o v e re d  
b y  duckweed ( Lemna m in o r) .
Most o f  th e  g a r t e r  sn a k e s  ( Thamnophis s p p . )  w ere found  a ro u n d  th e  
p e r ip h e ry  o f  th e  perm anent pond, i n  w hich tw o fo o d  s o u rc e s  w ere p r e s e n t .  
T hese w ere a  s p e c ie s  o f  l e e c h ,  E rp o b d e lla  p u n c ta ta , and  th e  s p o t te d  f r o g ,  
Rana p r e t i o s a .  O th er g a r t e r  sn ak es  f r e q u e n te d  th e  m arsh , w hich c o n ta in e d  
m etam orphosing  lo n g - to e d  sa lam an d e rs  ( Ambystoma m acrodacty luro) .  The 
b o r e a l  to a d  ( Bufo b o r e a s ) was o c c a s io n a l ly  s e e n  i n  th e  a d u l t  s ta g e  a t  t h i s  
s i t e ;  and  a  p o p u la t io n  o f  w e s te rn  p a in te d  t u r t l e s  ( Chryseroys p i c t a  b e l l i ) 
l i v e d  i n  th e  perm anent pond.
T here  w ere r a r e  o c c u rre n c e s  o f  w h i t e - t a i l e d  d e e r  ( O doco ileu s 
v i r g in i a n u s ) and g r e a t  b lu e  h e ro n  ( A rdea h e r o d ia s ) , and  f re q u e n t  v i s i t s  
b y  c a t t l e  and  t r a c t o r s  i n  th e  a r e a .  Only once was a n o th e r  man-made d i s ­
tu rb a n c e  fo u n d ; two p a in te d  t u r t l e s ,  t h a t  w ere sh o t w ith  .22  c a l i b e r  
b u l l e t s ,  w ere a lo n g s id e  th e  perm anent pond.
I n  th e  wooded r e g io n s ,  w hich  su rro u n d e d  a l l  th e s e  b o d ie s  o f  w a te r ,  
a  few p i l e s  o f  b ru s h  an d  sh ru b s  o s t e n s ib ly  s e rv e d  a s  h ib e r n a c u la .  These 
w ere s i t e s  i n  w hich  a  l a r g e  number o f  sn a k es  w ere found  em erg ing  from  
u n d e rg ro u n d .
C o l le c t io n  t r i p s  w ere made t o  t h i s  s i t e  on June  19? 27 ; J u ly  4 t 
12, 18, 29 ; August 5 f  1974; and Ju n e  2 2 , and  S ep tem ber 14, 1975*
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JETTE POND
J e t t e  Pond (T23N, R21W, S 2 , Lake C ounty) was a  m ontane pond 
( e l e .  2 ,124  m) i n  th e  F la th e a d  In d ia n  R e s e rv a t io n .  I t  was u n d e r th e  
s u p e r v is io n  o f  th e  T r ib a l  C ouncil o f  th e  C o n fe d e ra te d  F la th e a d ,  S a l i s h ,  
and  K o o ten a i In d ia n s  and  was a c c e s s ib le  b y  a  r o a d , w hich was p r i n c i p a l l y  
u se d  t o  lo g  th e  p o n d 's  im m ediate v i c i n i t y  and  s u r ro u n d in g  f o r e s t .
The pond ( 4OO m e te rs  i n  p e r im e te r )  was su rro u n d e d  by  an  a s s o c ia ­
t i o n  o f  p o n d ero sa  p in e ,  lo d g e p o le  p in e ,  Englem ann s p ru c e ,  and b u n c h g ra ss  
and was w i th in  an  open ran g e  f o r  a n  a c t iv e  h e rd  o f  4O-5O c a t t l e .  The 
pond was a  perm anent so u rc e  o f  w a te r  and  o f  su p p lem en ta ry  p la n t s  f o r  th e  
c a t t l e .  C o n se q u e n tly , a s  t h e  w a te r  lo w ered  i n  d e p th  th ro u g h o u t th e  summer, 
t h e  p o n d 's  b anks became in c r e a s in g ly  packed  down by  th e  c a t t l e ' s  h o o v e s .
The pond , t h e r e f o r e ,  r e t a in e d  an  o v e r a l l  b ro w n ish  c a s t  from  th e  ru n o f f  o f  
a l l  th e  o rg a n ic  m a te r ia l  p roduced  b y  th e  c a t t l e .
The a q u a t ic  v e g e ta t io n  c o n s i s te d  o f  m a in ly  sm artw eeds ( Polygonum 
£ £ • ) ,  w a te r  b u t te r c u p s  ( R anunculus a q u a t i e u s ) ,  and  s e v e r a l  s p e c ie s  o f  
pondweed ( Potam ogeton s p . ) .  A f l o a t i n g  mat o f  c a t t a i l s ,  w hich o c c u rre d  
a lo n g  th e  n o r th w e s te rn  s h o r e ,  was f r e q u e n te d  b y  a  p a i r  o f  d u c k s .
The s o u th e rn  end o f  th e  pond d i f f e r e d  i n  sh ap e  and d e p th  from  th e  
n o r th e r n  e n d . A l th o u ^  th e  s o u th e rn  end was n o t u n d e r  d i r e c t  ex p o su re  
such  a s  t h a t  o f  th e  n o r th e r n  e n d , th e  so u th w e s te rn  a r e a  c o m p le te ly  d r ie d  
up  b y  th e  end o f  summer. T h is  was b e c a u se  a  sm a ll f o r e s t e d  p e n in s u la  
j u t t e d  o u t i n to  th e  s o u th e rn  end  o f  th e  pond and  form ed a  s h a l lo w , w e s te rn  
i n l e t .  The o th e r  i n l e t ,  w hich was su rro u n d e d  b y  t r e e s ,  was d e e p e r  and  
rem ain ed  c o o l .
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The pond was th in n e d  more on th e  w e s te rn  m arg in  th a n  on th e  e a s te r n  
m a rg in f  how ever, f e l l e d  t r e e s  o c c u rre d  on b o th  s i d e s .  Many o f  th e  t r e e s  
j u t t e d  o u t i n t o  th e  pond and w ere u se d  a s  r e s t i n g  s i t e s  f o r  g a r t e r  sn ak es  
and  am p h ib ian s a l i k e .  The m ost lo g g ed  a r e a  was a ro u n d  th e  n o r th e rn  en d , 
w hich was c lo s e s t  t o  th e  ro a d . H ere th e  s h o r e l in e ,  w hich e x ten d ed  more 
th a n  46 m e te rs  from  th e  ro a d ,  was composed o f  b a r r e n  g ro u n d , l a r g e  r o c k s ,  
b u r n t  s tu m p s , and  s c a t t e r e d  lo g s  and b ra n c h e s .
The pond h a rb o re d  a  v a r i e t y  o f  a iq u a tic  a n im a ls .  Many o f  th e s e  
s e rv e d  a s  fo o d  f o r  b o th  s p e c ie s  o f  g a r t e r  s n a k e s .  M etam orphosing and 
a d u l t  i n d iv id u a l s  w ere se e n  o f  th e  P a c i f i c  t r e e f r o g  (H . r e g i l l a ) , th e  
le o p a rd  f r o g  (R . p ip ie n s ) , and  th e  s p o t t e d  f r o g  (R . p r e t i o s a ) . Bufo 
b o r e a s , w hich w ere a d u l t s ,  w ere found  n e a r  th e  pond a t  e v e n in g . Two 
ty p e s  o f  l e e c h e s ,  Haemopis g ra n d is  and E rp o b d e lla  p u n c ta ta , w ere p re v a le n t  
i n  th e  w a te r .
An anom aly was found  i n  a  sm a ll p e rc e n ta g e  o f  m etam orphosing  t r e e -  
f r o g s .  They p o sse s se d  e x t r a  h in d  l im b s . T h is  was f i r s t  n o t ic e d  i n  19581 
and  s u c c e s s iv e  c o l l e c t i o n s  w ere made from  1959‘“ 1S6l (H ebard  and B runson  
1963)* The an o m a lie s  c o u ld  have b e e n  c au se d  from  many e n v iro n m en ta l 
f a c t o r s  among w hich was th e  r a d io a c t iv e  f a l l o u t  o f 1958» how ever, i t s  
p r e s e n t  o c c u rre n c e  im p lie d  t h a t  i t  d ev e lo p ed  i n to  a  g e n e t ic  m u ta t io n .
E x tr a  lim b s  have n o t b e e n  found  i n  any  o f  th e  o th e r  am ph ib ians w hich 
p o p u la te d  th e  pond.
R esea rch  t r i p s  w ere made t o  th e  s i t e  Ju n e  19 » 28; J u ly  4» 13» 17» 
29; and  A ugust 4 , 1974» and  S ep tem ber I4 , 1975.
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JETTE LAKE
J e t t e  Lake (T23N, R21W, S14i Lake C ounty) was a p p ro x im a te ly  16 
h e c ta r e s  i n  a r e a  and  was lo c a te d  16 k i lo m e te r s  n o rth w es t o f  P o iso n . The 
la k e  and  su r ro u n d in g  a c re a g e  * w hich was u n d e r th e  p ro c e ss  o f  b e in g  sub­
d iv id e d ,  w ere p r i v a t e l y  owned by  M r. C h r i s t i a n .  Developm ent was t o  be  no 
c lo s e r  th a n  61 m e te rs  from  th e  w a t e r 's  edge ; how ever, a  d is tu rb a n c e  in  
th e  form  o f  p i l i n g  and  b u rn in g  o f  b ru s h  to o k  p la c e  w i th in  t h i s  m arg in .
A v a r i e t y  o f  d ec id u o u s t r e e s  ( i . e .  a l d e r ,  w illo w , and co ttonw ood) 
and p o n d e ro sa  p in e  e m a rg in a te d  th e  l a k e .  The n o r th e a s te r n  end o f  th e  
la k e  c o n ta in e d  an  i n t e r m i t t e n t  d ra in a g e  s tr e a m , w hich was su rro u n d e d  by  a  
l a r g e  open a r e a  o f  g r a s s .  T h is  a r e a  was g ra z e d  by a  h e rd  o f  H e re fo rd  
c a t t l e ;  and  on o c c a s io n , th e y  c o u ld  be  found  i n  th e  f o r e s t e d  r e g io n s .
Polygonum and  Potam ogeton w ere p l e n t i f u l  among th e  a q u a t ic  p l a n t s .  
The a q u a t ic  p la n ts  w ere f e d  upon b y  two f a m i l i e s  o f  d u c k s , w hich had  b een  
p la n te d  i n  th e  l a k e ,  m u sk ra ts  ( O nda tra  z ib e th i c a ) , an d  w e s te rn  p a in te d  
t u r t l e s .  The p a in te d  t u r t l e s  w ere a l s o  o b se rv ed  t o  u se  th e  sh o re  o f  th e  
la k e  f o r  a r e a s  o f  o v ip o s i t i o n .
The p i l e d  b ru s h  and lo g s  s e rv e d  a s  a  s h e l t e r  f o r  b o th  th e  w an d erin g  
and r e d - s id e d  g a r t e r  s n a k e s . On one o c c a s io n , a  n e s t  o f  g round s q u i r r e l s  
was found  u n d e r one su ch  lo g .  An unknown s c a l e  o f  im pact was c a u se d  in  
p a r t i c u l a r  t o  th e  g a r t e r  s n a k e s , when th e  lo g s  and  b ru s h  w ere b u rn e d .
S a lm o n id s , w hich w ere in tro d u c e d  i n to  th e  l a k e ,  and  s h in e r s  
(R ic h a rd s o n iu s ) in h a b i te d  th e  la k e  i t s e l f .  F is h  s e rv e d  a s  p a r t  o f  th e  
d i e t  o f  Thamnophis s p p . ; w hereas B . b o re a s  and  R . p i p i e n s , w hich in h a b i te d  
th e  m arg in s  o f  th e  l a k e ,  w ere no t in c lu d e d  i n  th e  d i e t  o f  th e  r e s e a r c h  
a n im a ls .
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H e rp e to fa u n a  w ere o b se rv ed  a t  t h i s  s i t e  on June  19i 2 7 1 28 ; J u ly  
3 t  121 17» and A ugust 4» 1974» A fo llo w -u p  t r i p  was made on Ju n e  22 , 1975»
MUD LAKE
Mud Lake (T31N, R19W, 89 » F la th e a d  C ounty) was s i t u a t e d  20 
k i lo m e te r s  n o rth w e s t o f  Colum bia F a l l s .  I t  was fe d  b y  th e  w a te rs  o f  Lake 
F iv e ,  w hich was a  p o p u la r  r e s o r t  and  r e c r e a t io n  a r e a .  The two la k e s  w ere 
s e p a r a te d  b y  a p p ro x im a te ly  1 .6  k i lo m e te r s  i n  d i s t a n c e .  Mud Lake (ap p ro x ­
im a te ly  2 .5  h e c ta r e s )  was th e  s m a l le r  la k e  and r e c e iv e d  o c c a s io n a l  u se  
( i . e .  b o a t in g ,  swimming, f i s h i n g ) .
B oth la k e s  w ere r e h a b i l i t a t e d  tw ic e  by  th e  S t a te  D epartm ent o f  
F is h  and Game ( i . e .  i n  S ep tem b er, i 9 6 0 , and  May, 1968) .  The t a r g e t  
s p e c ie s  i n  Mud Lake w ere s u c k e rs  and  pum pkinseed. Brook t r o u t  and c u t ­
t h r o a t  t r o u t  w ere s to c k e d ;  how ever, a l l  fo u r  s p e c ie s  o f  f i s h  w ere p re s e n t  
a t  th e  tim e  o f  t h i s  s tu d y .
P a r t  o f  th e  s t r e a m , w hich flo w ed  from  th e  end o f  th e  f o r e s t e d  a r e a
t o  th e  i n l e t  o f  th e  l a k e ,  was in c lu d e d  a s  p a r t  o f  th e  h a b i t a t  s tu d y  o f  th e
w an d erin g  g a r t e r  sn a k e . The s tre a m  ( c a .  213 m e te rs  i n  le n g th )  was p a r­
a l l e l e d  b y  s te e p ly - s lo p e d  b anks t h a t  w ere composed o f  m edium -sized  ro c k s .
On th e s e  b a n k s , g a r t e r  sn a k e s  w ere se e n  su n n in g  a n d , inasm uch a s  th e y  had  
f r e s h  f i s h  i n  t h e i r  s to m ac h s , i t  was assum ed t h a t  th e  f i s h  were cau g h t 
from  th e  s c h o o ls  i n  th e  s t r e a m .
The la k e  and  s tre a m  w ere s i t u a t e d  on a  n o r th e a s t- s o u th w e s t  a x i s .
The e a s t e r n  s id e  o f  th e  s tre a m  was r e l a t i v e l y  u n d is tu rb e d  and c o n ta in e d  a  
sm a ll s p r in g - f e d  m arsh . Rana p r e t i o s a  w ere commonly found  in  t h i s  m arsh . 
F u r th e r  n o r th  on b o th  e a s t e r n  and  w e s te rn  b a n k s , a  few la r g e  lo g s  w ere
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p re s e n t*  T hese o f te n  h a rb o re d  a  ty p e  o f  s lu g  ( P rophysaon) , a  form  o f  
p re y  f o r  g a r t e r  s n a k e s , and  w ere a  c o v e r f o r  th e s e  s n a k e s . The a r e a  o f  
th e  w e s te rn  bank was p e r i o d i c a l ly  d i s tu r b e d  by  th e  c o n s t r u c t io n  o f  an  
a c c e s s  ro a d  f o r  th e  te le p h o n e  l i n e ,  w hich e m a rg in a te d  th e  s tream  and l a k e .
The s tre am  w idened a t  th e  mouth o f  th e  l a k e .  A C arex -mat o r ig ­
in a te d  and  s p re a d  w id e ly  on b o th  s id e s  o f  th e  la k e  frcmi t h i s  p o in t .  
In te rm in g le d  among th e s e  m ats o f  C a re x , random clum ps o f  c a t t a i l s  and  th e  
y e llo w  w a te r  l i l i e s  o c c u r re d .  T hese m ats su p p o r te d  v a r io u s  lo g s  and 
s h r u b s , w hich w ere u se d  b y  th e  g a r t e r  sn a k es  a s  r e s t i n g  a r e a s ,  and were 
s e p a r a te d  b y  c h a n n e ls  o f  w a te r  from  th e  l a k e 's  s h o r e .
The la k e  i t s e l f  (2 4 ,2 8 2  sq u a re  m e te rs  i n  a r e a )  was su rro u n d e d  by  
a  g row th  o f  a l d e r s ,  w il lo w s , and  haw tho rns t r e e s .  A b la c k  b e a r  f re q u e n te d  
th e  f o r e s t e d  a r e a  o f  th e  s o u th e rn  end o f  th e  l a k e .  The a r e a  i n  w hich th e  
l a r g e s t  c o n g re g a t io n  o f  sn a k es  w ere fo u n d , was on th e  s o u th e a s te r n  sh o re  
o f  t h e  l a k e .  I t  was p r o te c te d  by  th e  t r e e s  and had  many p lan k s  o f  wood 
t h a t  th e  sn ak es  w ere e i t h e r  on o r  u n d e r .
No r e d - s id e d  g a r t e r  sn a k e s  w ere s ig h te d  a t  t h i s  l a k e .  However, 
tw o o f  i t s  fo o d  s o u r c e s ,  w hich w ere a  p o p u la t io n  o f  Rana p ip ie n s  t h a t  
l i v e d  i n  th e  la k e  and  a  few a d u l t  Bufo b o r e a s , w ere p re s e n t  a t  t h i s  s i t e .
C o l le c t io n s  and  o b s e rv a t io n s  w ere made on Ju n e  2 1 , 3 0 ; J u ly  15 i 
16; and  A ugust 1 , 2 , 1974» and  S ep tem ber 13, 1975*
SMITH LAKE
S m ith  Lake (T27N, R22W, 54 and  9» F la th e a d  C ounty) was ap p rox ­
im a te ly  16 k i lo m e te r s  so u th w e s t o f  K a l i s p e l l .  I t  was s i t u a t e d  i n  th e  
A sh ley  C reek  d ra in a g e ,  and  th e  p r im a ry  a c c e s s  s i t e  was th e  K ila  F is h in g
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A ccess a t  th e  n o rth w es t s id e  o f  th e  l a k e .  The la k e  ( c a .  180 h e c ta r e s  i n  
a r e a )  was a p p ro x im a te ly  2 .4  k i lo m e te r s  i n  l e n g th .
The n o r th e r n  end was a  m arsh and was d e s ig n a te d  b y  th e  S t a te  De­
p a rtm en t o f  F is h  and Game a s  a n  a r e a  f o r  h u n t in g  w a te rfo w l and f i s h i n g .
The la k e  was d e e p e r i n  th e  s o u th e rn  e n d , and  i t s  o u tf lo w  was u se d  f o r  
p r iv a t e  i r r i g a t i o n  p u rp o s e s . P r iv a te  p ro p e r ty  com prised  th e  m ajo r p o r­
t i o n  o f  b o th  s id e s  o f  th e  l a k e .  B ecause o f  th e  la c k  o f  p u b lic  a c c e s s ,  
t h i s  s tu d y  was c e n te r e d  a t  K i l a .
The t o t a l  l e n g th  o f  th e  w e s te rn  s h o r e l in e  w hich was s tu d ie d  was 
a p p ro x im a te ly  800 m e te rs ;  and  a  d i s ta n c e  o f  90  m e te rs  from  th e  s h o r e l in e  
to w a rd  th e  ro a d  was a l s o  su rv e y e d . The s tu d y  a r e a  in c o rp o ra te d  v a r io u s  
e n v iro n m e n ts ; from  n o r th  t o  s o u th ,  th e  sh o re  c o n s i s te d  o f  a  h ay  f i e l d  
(200 m e te r s ) ,  K ila  F is h in g  A ccess ( 4OO m e te r s ) ,  an  abandoned p ig  farm  
(60  m e te r s ) ,  a  w a te rfo w l p ro d u c tio n  a r e a  (80  m e te rs )  and  p a r t  o f  a  cow 
p a s tu r e  (4 0  m e te r s ) .
B oth  s p e c ie s  o f  g a r t e r  sn a k es  w ere found  among th e  g r a s s e s  and 
r e e d s  ( i . e .  S c irp u s  and  C a rex ) a lo n g  th e  s h o r e l in e ,  a s  w e ll  a s  in la n d  
u n d e r  f e l l e d  t r e e s  and  p la n k s  o f  wood. However, o n ly  th e  r e d - s id e d  
g a r t e r  snake  was found  i n  t h e  w a te r .  T hree ty p e s  o f  am p h ib ian s , th e  
le o p a rd  f r o g ,  b o r e a l  to a d ,  and  th e  P a c i f i c  t r e e f r o g ,  w ere p r e s e n t .  Only 
th e  fo rm er two w ere s e e n  i n  m etam orphosing  a s  w e ll  a s  a d u l t  s t a g e s .
The am ph ib ians w ere f e d  on h e a v i ly  by  th e  g a r t e r  s n a k e s , b u t  th e  
le o p a rd  f r o g  and b o r e a l  t o a d l e t s  w ere c au g h t in d i s c r im in a te ly  by  f i s h e r ­
men and  c h i ld r e n  a l i k e .  A su p p le m e n ta ry  p re y  s p e c i e s ,  Haemopis g r a n d i s , 
a  ty p e  o f  le e c h  a l s o  in h a b i te d  th e  l a k e .  I n  th e  sh a llo w  w a te rs  l a r g e  pop­
u l a t i o n s  o f  s n a i l s  (H elisom a t r i v o l v i s  and  Lymnea s t a g n a i i s ) w ere ab u n d an t.
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The w e s te rn  p a in te d  t u r t l e  was p re s e n t*  b u t  o n ly  found  on th e  
s h o r e .  (O f th o s e  found* a l l  w ere i n f e c te d  by  a  fu n g u s .)  Many s p e c ie s  o f  
s h o re  b i r d s  and w a te rfo w l w ere s ig h te d *  among w hich w ere g u l ls *  a v o c e ts*  
an d  g r e a t  b lu e  h e ro n s .  The g u l l s  w ere o c c a s io n a l ly  s e e n  p re y in g  upon 
t o a d l e t s .
The w a te r  a lo n g  th e  w est sh o re  c o n ta in e d  many a q u a t ic  p la n t  
s p e c i e s .  Po tam ogeton* Polygonum * Nuphar * and  th e  b lu e -g r e e n  a lg a *  N ostoe * 
w ere p re d o m in a n t. W ith in  th e  w a te rs*  members o f  th e  P e rc id ae*  C e n tr a r c h id a e , 
C a s to s to m id a e , and  C y p rin id a e  l i v e d .
R e se a rch  t r i p s  w ere made t o  th e  s i t e  on June  29; J u ly  2 , 13» 14,
15, 16* 17, 3 1 ; August 1 , 3* 1974; and  Ju n e  29 , 1975-
LAKE ROGERS
Lake R ogers (T27N* R23W, 8 2 9 , 3 0 , 3 1 , and 3 2 , F la th e a d  County) 
was lo c a te d  i n  th e  S a l i s h  M o u n ta in s . The la k e  ( e l e .  1*188 m e te rs )  was 
lo c a te d  a p p ro x im a te ly  30 k i lo m e te r s  so u th w est o f  K a l i s p e l l .  The t a r g e t  
s p e c ie s  o f  th e  r e h a b i l i t a t i o n  ( i n  1958 and 1967) by  th e  S t a te  D epartm ent 
o f  F is h  and  Game was r e d s id e  s h in e r s  (R ic h a rd so n iu s  b a l t e a t u s ) . G ra y lin g  
( T hym allus s i g n i f e r ) w ere r e - in tro d u c e d *  and a  p o p u la t io n  was p r e s e n t  a t  
t h e  tim e  o f  t h i s  s tu d y  (p e r s o n a l  co m m u n ica tio n ).
The laUce ( 107 h e c ta r e s  in  a r e a )  was s i t u a t e d  on a  n o r th e a s t -  
so u th w e s t a x i s .  I t  was e n t i r e l y  p r i v a t e l y  owned on i t s  s o u th e rn  s h o re ;  
th e  o th e r  s id e  was e q u a l ly  d iv id e d  i n to  p r iv a t e  l o t s  and p u b l ic  a c c e s s
s i t e s .  T h e re fo re *  th e  l a r g e r  p o r t io n  o f  s h o r e l in e  ( i . e .  1600 m e te rs  o f
la n d )  on th e  n o r th  and  w est was s t u d i e d .
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The n o r th e a s te r n  c o rn e r  o f  th e  la k e  was encom passed by  a  sandy  
b e a c h ; p a r t  o f  th e  b each  was p e r i o d i c a l ly  in u n d a te d  when th e  w a te r  l e v e l  
r o s e  s e a s o n a l ly .  A long th e  s h o r e ,  d e t r i t u s ,  w a t e r - l i l y  l e a v e s ,  and 
s c a t t e r e d  l o g s ,  w hich w ere p a r t i a l l y  u n d e rw a te r , s h e l t e r e d  th e  re d —s id e d  
and  w an d erin g  g a r t e r  sn a k es  and ju v e n i le  w e s te rn  p a in te d  t u r t l e s .  The 
l a r g e  l e e c h ,  Haemopis g r a n d i s , a l s o  u se d  th e  w e t, f l a t  b o a rd s  a s  a  n ich e  
f o r  b re e d in g  and th e  d e p o s i t io n  o f  cocoons i n  m id -Ju ly  th ro u g h  A ugust.
Scuds ( Qammarus s p . )  and  la r g e  b a l l s  o f  b lu e -g r e e n  a lg a e  ( N ostoe s p . )  
w ere abundan t i n  t h i s  a r e a .
The n o r th w e s te rn  sh o re  was composed o f  v a r io u s  s p e c ie s  o f  g r a s s e s ,  
an d  a t  l e a s t  t h r e e  s p r in g s  e x i s t e d  a lo n g  t h i s  s h o r e l in e .  A h e rd  o f  c a t t l e  
g ra z e d  on th e s e  g r a s s e s  a s  w e ll  a s  some p la n t s  w hich e x ten d ed  t h r e e  m e te rs  
from  sh o re  i n t o  th e  w a te r .  S c irp u s  v a l i d u s , C hara v u l g a r i s , and 
S te rio n e m a  s p . w ere abundan t among th e  a q u a t ic  p la n t  s p e c ie s .
A ll  a lo n g  th e  n o r th w e s te rn  sh o re  w ere f i v e  v e ry  la r g e  f e l l e d  
t r e e s ,  w hich e x te n d ed  in to  th e  w a te r  ( i . e .  up  t o  7 m e te r s ) .  These t r e e s  
w ere u se d  a s  s h e l t e r  f o r  th e  g a r t e r  sn ak es  ; th e y  w ere se e n  em erg ing  from  
b e n e a th  th em , a s  w e ll  a s  from  u n d e r  th e  b a rk .  O th e r p ie c e s  o f  wood and 
s h ru b s  gave s h e l t e r  t o  th e  s n a k e s .  No sn ak es  w ere o b se rv ed  em erg ing  
from  th e  p l e n t i f u l , d e s e r te d  bu rrow s o f  ground  s q u i r r e l s  ( S perm oph ilu s 
c o lu m b ian u s) , t h a t  l iv e d  on th e  n o r th w e s te rn  s h o re .
The s o u th w e s te rn  end o f  th e  la k e  was composed o f  s ta n d in g  dead 
t r e e s ,  many s p r in g s ,  and  a  g rove  o f  p o p la r  t r e e s .  F u r th e r  away from  th e  
s h o r e ,  rem n an ts  o f  a  lo g g in g  camp and stum ps o f  P in u s ponderosa  w ere p re s ­
e n t .  G a r te r  sn a k e s  w ere found  a t  t h i s  s i t e ,  w hich p ro b a b ly  was t h e  d w e ll in g  
o f  Peroroyscus and  M ic ro tu s , o c c a s io n a l  fo o d  ite m s  f o r  th e s e  s n a k e s .
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The w aterfow l was q u ite  d iv e r se  a t  t h i s  s i t e ;  th e  t e r r e s t r i a l  
b ir d s ,  such as th e  members o f  th e  f r i n g i l l i d  fa m ily , seemed t o  be an  
in te g r a l  part o f  th e  g a r te r  sn a k e 's  n ic h e . Other p arts o f  t h e ir  n ich e  
in c lu d ed  b reed in g  p o p u la tio n s o f  R. p r e t io s a , R . p ip ie n s , and B . b o r e a s .
A few members o f  th e  s p e c ie s ,  H. r e g i l l a , were a ls o  found. The common 
s lu g  s p e c ie s  ( D eroceras) « which r e s id e d  under th e  lo g s ,  a ls o  fa c to r e d  
in to  th e  h a b it a t .
B e s id e s  th e  herd o f  20-30 c a t t l e ,  o th er  d is tu rb a n ces around th e  
Isike in c lu d ed  o c c a s io n a l v i s i t s  by deer and h o r s e s . The one d istu rb an ce  
th a t  had th e  most d e tr im en ta l impact was a  man-made on e . Local v a c a tio n e r s  
were observed  on o cca s io n  t o  in d is c r im in a te ly  shoot ground s q u ir r e ls ,  and 
presumably any o th er  anim als which were la r g e  and abundant, such a s g a r te r  
sn a k e s .
The symp a tr ie  p o p u la tion s o f  Thamnophis were s tu d ie d  on June 20 ,
2 9 , 3 0 ; J u ly  2, 3 ,  14, 15, 17, 3 0 , 31 ; August 3 , 1974; and June 2 9 , 1975.
FRED BURR CREEK
F re d  B u rr  C reek (T6N, R13W, S8 and 9 ,  G ra n ite  C o u n ty ), a  t r i b u t a r y  
o f  F l i n t  C reek , was c h o sen  a s  a  c o l l e c t i o n  s i t e  f o r  th e  s tu d y  o f  heavy  
m e ta l s .  I t  h a s  b e e n  co n firm ed  a s  a n  a r e a  t h a t  c o n ta in e d  f i s h  w ith  a  
h ig h e r - th a n -n o rm a l c o n te n t  o f  m ercury  i n  t h e i r  t i s s u e s  (Van M eter 19 7 4 ). 
The m ercu ry  c o n ta m in a tio n  stemmed from  th e  pan -am algam ation  m i l l s ,  w hich 
w ere a c t i v e  a t  th e  t u r n  o f  th e  c e n tu r y .
C o l le c t io n  t r i p s  w ere made t o  th e  n e ig h b o r in g  v i c i n i t y  o f  th e  
m i l l  a lo n g  F re d  B u rr  C re ek . T h is  was a p p ro x im a te ly  5 k i lo m e te r s  from  
U. S .  Highway 10A. C o n c e n tra t io n s  o f  m ercu ry  w ere fo u n d  to  in c r e a s e
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from  th e  mouth o f  F re d  B u rr  C reek t o  w here th e  m i l l  s to o d  (Van M e te r, 
1974 ).
Thamnophis s i r t a l i s  and  T . e le g a n s  b o th  in h a b i te d  th e  la n d  
a ro u n d  th e  c r e e k .  However, th e  sn a k e s  w ere r e l a t i v e l y  s c a r c e ;  th e  most 
abundan t v e r t e b r a t e  was th e  s p o t te d  f r o g  (R . p r e t i o s a ) . Jum ping m ice 
( Zapus p r in c e p s ) w ere a l s o  s e e n  a lo n g  th e  c r e e k .
The c re e k  and th e  m i l l ,  w hich  was d e t e r i o r a t i n g  i n to  mounds o f  
b r i c k ,  w ere th e  m ain a r e a s  i n v e s t i g a t e d .  The n e ig h b o r in g  sh ru b s  and 
co ttonw oods w ere s tu d ie d  a s  tim e  p e rm i t te d ,  and  p a r t i c u l a r  a r e a s  w ith  
p la n k s  o f  wood an d  d e b r is  w ere s e l e c te d  a s  p o s s ib le  s h e l t e r s .  The m il l  
i t s e l f  a lw ays had  d is tu rb a n c e s  by  th e  g e n e ra l  p u b l ic .  The c i t i z e n s  w ere 
engaged  in  c o l l e c t i n g  b r i c k s  and b o a rd s  i n  g r e a t  num bers, t h u s ,  d i s r u p t in g  
th e  m ic roenv ironm en t f o r  th e  h e rp e to fa u n a .
The r e s e a r c h  t r i p s  t o  t h i s  s i t e  w ere made on June 11; J u ly  12; 
and  A ugust 17$ 1975•
EAST HELENA
A few a r e a s  w i th in  a  3*2 k i lo m e te r  r a d iu s  from  th e  le a d  s m e l te r ,  
w hich  was o p e ra te d  by  th e  A m erican S m e ltin g  and  R e f in in g  Company (ASARCO), 
w ere s e l e c t e d  f o r  th e  c o l l e c t i o n  o f  h e rp e to fa u n a  and  f i s h .  The s m e l te r  
h a s  b e e n  re c o g n iz e d  a s  th e  m ajo r so u rc e  o f  e n v iro n m en ta l c o n ta m in a tio n  in  
E a s t  H e le n a ; i t  h a s  e m it te d  e f f l u e n t s  w hich c o n ta in e d  h ig h  c o n c e n tr a t io n s  
o f  a r s e n i c ,  cadmium, and  le a d  from  i t s  s t a c k .  These m e ta ls  have b e en  
found  w i th in  th e  w hole eco sy stem  ( i . e .  a i r ,  w a te r ,  s o i l ,  p l a n t s ,  a n im a ls )  
(E n v iro n m en ta l P r o te c t io n  Agency 19 7 2 ).
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The fo o d  c h a in  h a s  n o t y e t  b e en  s tu d ie d ;  th e  m ain c o n ce rn  o f  p a s t  
s t u d i e s  h a s  b een  w ith  h e r b iv o r e s ,  su c h  a s  h o r s e s  and  c a t t l e .  I n  f a c t ,  
Gordon (1972) in v e s t i g a t e d  th e  u p ta k e  o f  le a d  and  cadmium in  s e v e r a l  
s p e c ie s  o f  r o d e n ts ,  so  t h a t  th e  e f f e c t  from  th e  consum ption  o f  n a t iv e  
fo ra g e  w ould be  known. One o f  th e  r o d e n ts ,  th e  v o l e ,  h a s  b een  p a r t  o f  
t h e  d i e t  o f  g a r t e r  sn a k es  a t  o th e r  s i t e s .
P o u r a r e a s  n e a r  E a s t  H e lena  w ere chosen  f o r  th e  c o l l e c t i o n  o f  
g a r t e r  sn a k e s  f o r  heavy  m e ta l a n a l y s i s .  The c lo s e s t  s i t e  was a  pond 
(TION, R3W, S36 , Lewis and  C la rk  C ounty) w hich  h ad  an  a r e a  o f  16 h e c t a r e s .  
I t  was a n  e s t im a te d  400 m e te rs  from  th e  m ain s ta c k  o f  th e  s m e l te r .  Rana 
p r e t i o s a  and  Thamnophis e le g a n s  v a g ra n s  w ere found  a t  t h i s  pond. The 
pond was e u tro p h ic  i n  n a tu re  w ith  s t r o n g  odor o f  hydrogen  s u l f i d e  and 
t h i c k  a r e a s  o f  c a t t a i l s .
On a n o th e r  s id e  o f  th e  s m e l t e r ,  a  l a r g e  s l a g  p i l e  was p r e s e n t .  
P r ic k ly  P e a r C reek flo w ed  b e s id e  t h i s  s l a g  p i l e ,  and  th e  la n d  b e tw een  th e  
c re e k  and  s l a g  p i l e  s u p p o r te d  a  d iv e r s e  community o f  v e g e ta t io n .  Among 
th e s e  w ere  t a l l  g r a s s e s ,  s h ru b s ,  p r i c k ly  p e a r  c a c tu s ,  and  members o f  th e  
w illo w  f a m i ly .  T . je . v a g ra n s  was found  a lo n g  th e  b an k s  o f  th e  c r e e k .
A p p ro x im ate ly  1 .6  k i lo m e te r s  s o u th - s o u th e a s t  from  th e  s m e l t e r , 
a n  i r r i g a t i o n  o v e rflo w  a r e a ,  some s p r i n g s ,  and  th e  banks o f  th e  P r ic k ly  
P e a r  C reek  w ere su rv e y e d . A ll o f  th e s e  p la c e s  w ere on a  p r iv a t e  ra n c h  
(T19N» R3W, S I ,  J e f f e r s o n  C o u n ty ) . No sn a k e s  w ere s ig h te d ;  how ever, a  
ju v e n i le  su c k e r  ( C atostom us m a c ro c h e ilu s ) was found  i n  th e  i r r i g a t i o n  
o v e rf lo w , and  R . p r e t i o s a  w ere a t  th e  s p r in g s .
The l a s t  a r e a ,  M cC le llan  C reek  Q uarry  Lake (T9N, R2W, 87* 
J e f f e r s o n  C o u n ty ) , was a p p ro x im a te ly  40 h e c ta r e s  i n  a r e a .  I t  was
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p r i v a t e l y  owned and  was a p p ro x im a te ly  3 k i lo m e te r s  s o u th e a s t  o f  th e  
s m e l t e r .  A sandy  s h o r e l in e  su rro u n d e d  th e  l a k e ,  and  a  m arshy r e g io n  
was a t  th e  e a s t e r n  e n d . The m arsh was ch o sen  a s  th e  m ost p ro b a b le  h a b i t a t  
f o r  Tham nophis ; b o th  T . e .  vaigrans and R . p r e t i o s a  w ere c o l l e c t e d  from  
t h i s  a r e a .  Young sa lm o n id s  w ere o b se rv ed  i n  sh a llo w  c h a n n e ls  o f  w a te r  
i n  th e  m arsh , and  th e  w an d erin g  g a r t e r  snake  was c a u ^ t  w ith  a  l i v e  f i s h  
i n  i t s  m outh .
I t  c an n o t be  assum ed t h a t  T . s .  p a r i e t a l i s  d id  no t o ccu r h e re  
b e c a u se  b o th  s p e c ie s  have l iv e d  to g e th e r  i n  s i m i l a r  h a b i t a t s  a t  o th e r  
s i t e s ;  and  a m p h ib ia n s , w hich w ere p re y  f o r  t h i s  s p e c i e s ,  w ere p r e s e n t .  
P ro g s  and  f i s h  w ere c o l l e c t e d  f o r  a  p re l im in a ry  fo o d -c h a in  s tudy*
The r e s e a r c h  t r i p  t o  E a s t  H e lena  was on J u ly  27» 1975*
MCDONALD RESERVOIR
McDonald R e s e rv o ir  (T19N, R19W, S11 , Lake C ounty) was exam ined 
a s  a  p o t e n t i a l  s i t e  f o r  th e  s tu d y  o f  th e  p o p u la t io n  e co lo g y  o f  Thamnophis 
on a  p re l im in a ry  t r i p  on Ju n e  19» 1974* I t  d id  no t c o n ta in  a  v e ry  la r g e  
p o p u la t io n  o f  T ham nophis; so  i t  was u se d  a s  a  su p p le m e n ta ry  s i t e  i n  th e  
co m p ariso n  o f  l e v e l s  o f  h eav y  m e ta ls  i n  g a r t e r  snalces from  n o r th w e s te rn  
M ontana. Two m e la n i s t i c  w an d erin g  g a r t e r  sn a k es  w ere c o l l e c t e d  on th e  
f l o a t i n g  lo g g s  a t  th e  w est end  o f  th e  r e s e r v o i r .
The c o l l e c t i o n  t r i p  was made on A ugust 5» 1974*
DAHL LAKE
Dahl Lake (T28N, R26w, S 24 , F la th e a d  C ounty) was exam ined on th e  
p re l im in a ry  t r i p .  At t h i s  t im e ,  one g r a v id  T . e le g a n s  v a g ra n s  was
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c o l l e c t e d .  I t  was r e t a in e d  f o r  th e  s tu d y  o f  th e  g e n e t ic  r e l a t i o n s h i p  
be tw een  th e  m other and  i t s  young . The s i t e  i t s e l f  was n o t u se d  a s  a  
s tu d y  s i t e .
C o l le c t io n  o f  t h i s  specim en  to o k  p la c e  on Ju n e  20 , 1974-
BRENAMEN'S MARSH
B renam en 's  M arsh (T31W, R19Ki 8 2 1 , F la th e a d  County) was su rv e y ed  
a s  a  p o s s ib le  s tu d y  s i t e .  I t  was n o t c h o sen  f o r  a  p o p u la t io n  s tu d y ;  
how ever, one T . e le g a n s  v a g ra n s , w hich  was g r a v id ,  was c o l l e c t e d .  I t  
was r e t a in e d  t o  make a  com parison  o f  s c a le  c o u n ts  b e tw een  th e  fem ale  and 
i t s  young . Chrysemys p i c t a  b e l l i  w ere a l s o  s i f t e d  a t  th e  m arsh . The 
t r i p  was made on J u ly  3 1 , 1974»
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CHAPTER I I I  
ANALYSIS OP HEAVY METALS 
INTRODUCTION
I n  e a r l i e r  s t u d i e s  e c o lo g i s t s  have em ployed o rgan ism s a s  i n d i ­
c a to r s  f o r  th e  e v a lu a t io n  o f  e n v iro n m e n ts . M erriam ( I894 ) was one o f  th e  
f i r s t  t o  u s e  v e r t e b r a t e s  and p la n t s  a s  i n d ic a t o r s  o f  te m p e ra tu re  z o n es . 
B ecause sn a k es  have b e en  known t o  rem ain  i n  an  a r e a  no g r e a t e r  th a n  a  few 
k i lo m e te r s  i n  d ia m e te r  f o r  t h e i r  l i f e t i m e  ( P i t c h  19491 H i r th  e t  a l .
1969)» g a r t e r  sn a k es  w ere s e l e c te d  in  t h i s  s tu d y  t o  d e m o n s tra te  th e  uptalce 
o f  c o n ta m in a n ts  from  r e g io n a l  s o u r c e s , and  th e  "no rm al"  c o n te n t  o f  heavy 
m e ta ls  i n  n o n - in d u s t r i a l  a r e a s .
B oth  s p e c i e s ,  T . s i r t a l i s  p a r i e t a l i s  and  T . e le g a n s  v a g ra n s , were 
u se d  t o  i n v e s t i g a t e  th e  l e v e l s  o f  m ercury  and  le a d  c o n ta in e d  w i th in  th e  
t i s s u e s  o f  t h i s  p r e d a to r  a t  s p e c i f i c  l o c a l i t i e s .  Two a re a s  o f  known 
c o n ta m in a tio n , F re d  B u rr C reek f o r  m ercury  and  E a s t H e lena  f o r  l e a d ,  were 
ch o sen  t o  c o n t r a s t  t o  th e  s e v e l  c o l l e c t i o n  s i t e s  ( i . e .  Woods Pond,
McDonald R e s e rv o ir ,  J e t t e  Pond, J e t t e  L ake, Sm ith  L ake, Lake R o g e rs , and  
Mud L a k e ) , w hich w ere n o t n e a r  a  m ajo r i n d u s t r y .
P o s s ib le  in f lu e n c e s ,  how ever, e x i s te d  a t  th e  c o l l e c t i o n  s i t e s  f o r  
th e  i n t r o d u c t io n  o f  heavy  m e ta ls  w i th in  th e  eco sy s tem . A lthough  a l k y l -  
m ercury  compounds w ere banned  by th e  E .P .A . i n  1971 a s  a  se e d  d r e s s in g ,  
th e  l o c a l  u s e s  o f  su ch  p e s t i c id e s  w ith  m erc u ry , o r  le a d  a r s e n a t e ,  have 
b e e n  m ost d i f f i c u l t  t o  c o n t r o l .  W eigand (1973) had  su rv ey ed  th e  e f f e c t
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o f  th e  i n g e s t io n  o f  se e d  t r e a t e d  w ith  Panogen I5 ^  a  m ethy lm ercu ry  fu n ­
g ic id e  ; i n  n o r th —c e n t r a l  M ontana; th e  b i r d s  were s u b s t a n t i a l l y  concen­
t r a t i n g  t h i s  heavy  m e ta l i n  t h e i r  l i v e r s  even  though  t h e i r  d i e t  was no t 
p r i n c i p a l l y  composed o f  t r e a t e d  s e e d s .  T h is  had  s e r io u s  im p l ic a t io n s  f o r  
humans w hich c o u ld  in g e s t  a n  abnorm al amount from  s u c c e s s iv e  m eals  o f  
th e s e  fo w ls .
F u r th e r  p ro b a b le  s o u rc e s  w e re , i n  th e  c a se  o f  l e a d ,  th e  in o rg a n ic  
e m iss io n  from  th e  com bustion  o f  le a d e d  g as by  m o to riz e d  v e h ic le s  ( i . e .  c a r s ,  
b o a t s ,  and  snow m obiles (Adams 1975)» and e r r a n t  gun s h o t i n  th e  a q u a t ic  
sy s te m s . In  th e  c a se  o f  m erc u ry , n a tu r a l  s o u rc e s  su ch  a s  th e  v o l a t i l i z a ­
t i o n  and e ro s io n  o f  m e rc u ry - r ic h  s o i l ,  o r  v o lc a n ic  a c t i o n ,  o r  th e  u se  o f  
many a v a i l a b l e  m e rc u ry -c o n ta in in g  p ro d u c ts  b y  man, su ch  a s  l a t e x  p a in t ,  
have c au se d  th e  m e ta l t o  be  w id e ly  d is p e r s e d  by a i r  c u r r e n t s  and  n a tu r a l  
w a te r s .
T hree  a p p ro a ch e s  t o  t h i s  heavy  m e ta l s tu d y  w ere em phasized . They 
w ere a s  fo l lo w s :  1) The a n a ly s i s  o f  members o f  b o th  s p e c i e s ,  w hich w ere
w i th in  a  t o t a l  le n g th  ran g e  o f  40-70  cm, from  sev en  s p e c i f i c  s i t e s ;  2) th e  
a n a ly s i s  o f  b o th  s p e c ie s  from  two known a re a s  o f  c o n ta m in a tio n ;  3 ) th e  
a n a ly s i s  o f  p re s e rv e d  sp e c im en s , w hich w ere c o l l e c t e d  from two t o  tw e n ty  
y e a r s  a g o , t o  d is c o v e r  th e  e f f e c t  o f  fo rm a lin  and e th y l  a lc o h o l  upon th e  
r e t e n t i o n  o f  heavy  m e ta ls  by  th e  sp e c im en s . ( I t  sh o u ld  be n o te d  t h a t  
McDonald R e s e rv o ir  was c h o sen  a s  th e  se v e n th  s i t e  b e ca u se  o f  th e  s c a r c i t y  
o f  w an d erin g  g a r t e r  sn a k e s  a t  Woods Pond. B ecause  i t  was o n ly  e ig h t  
k i lo m e te r s  n o rth w e s t o f  Woods Pond, i t  was u se d  in  c o n ju n c tio n  w ith  Woods 
Pond a s  a  t y p i c a l  s i t e  f o r  th e  su rv e y  o f  heavy  m e ta ls  i n  in d iv id u a ls  
w i th in  t h i s  r e g i o n . )
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The e s s e n t i a l  fo o d  ty p e s  f o r  th e  m ain tenance  o f  a  p o p u la t io n  o f 
b o th  s p e c ie s  o f  g a r t e r  sn a k e s  w ere p re s e n t  a t  a l l  th e  c o l l e c t i o n  s i t e s *  
T h e re fo re  I such  a  m ig ra t io n  o f  up  t o  1? km by  g a r t e r  sn ak es in  o rd e r  t o  
f i n d  a  m a rs h - l ik e  h a b i t a t  and fo o d  i te m s , su ch  a s  was o b se rv ed  i n  Canada 
(G reg o ry  and S te w a rt 1975)» was n o t e x p e c te d  t o  o c cu r i n  t h i s  s tu d y .
T h u s, th e  r e s u l t s  w ere more l i k e l y  t o  be  re g io n a l*
The s e l e c t i o n  o f  th e  two a re a s  o f  c o n ta m in a tio n  was done a f t e r  a  
l i t e r a t u r e  s e a rc h  on heavy  m e ta l a n a ly s e s  i n  M ontana. B u h le r  (1973) in ­
d ic a te d  s e v e r a l  d ra in a g e s  i n  w e s te rn  Montana w hich c o n ta in e d  r e l a t i v e l y  
h i ^  c o n te n ts  o f  m ercu ry ; how ever, th e  s tu d y  o f  Van M eter (1974) on heavy  
m e ta ls  i n  t h e  Upper C la rk  F o rk  R iv e r  was in s t ru m e n ta l  i n  th e  c h o ic e  o f  
F re d  B u rr  C reek  f o r  a n a ly s i s  o f  m ercury* The s tu d i e s  by th e  N a tio n a l 
Academy o f  S c ie n c e s  (1972) i n  c o n ju n c tio n  w ith  th e  E n v iro n m en ta l Pro­
t e c t i o n  Agency (1972) on le a d  w ere p r in c ip a l  so u rc e s  f o r  th e  s e l e c t i o n  
o f  th e  E a s t  H e lena  a re a *
B oth  s i t e s  w ere s u b je c te d  t o  p r im a r i ly  c h ro n ic  damage from  th e  
c o n t in u a l  ex p o su re  o f  heavy  m e ta ls  i n to  th e  ecosystem s*  The m ercury  con­
ta m in a t io n  i n  F re d  B u rr  C reek  o r ig in a te d  from  e a r ly - d a y  m in ing  a c t i v i t i e s  
( c i r c a  I8 8 I - I 905 ) ;  th e  pan -am algam ation  p ro c e s s  f o r  i s o l a t i n g  s i l v e r  was 
u se d  a t  t h i s  stam p m i l l .  I t  was t h i s  p ro c e ss  w hich was r e s p o n s ib le  f o r  
th e  d is s e m in a t io n  o f  m ercury  in  th e  s o i l s ,  w a te r s ,  and  c o n s e q u e n tly , f i s h ,  
i n  th e  a r e a  o f  F re d  B u rr  Creek* M ercury in  a d d i t io n  t o  cadmium, c o p p e r , 
l e a d ,  and  z in c  w ere fo u n d  i n  h i ^  c o n c e n tr a t io n s  in  th e  f i s h  from  th e  r e ­
c e n t  p a s t  t o  d a te  (Van M eter 1974)»
The im m ediate tw o -m ile  r a d iu s  o f  th e  ASARC0 s m e lte r  was ch o sen  
a s  a  c o l l e c t i o n  s i t e  i n  E a s t  H elena* The m e ta ls ,  l e a d ,  a r s e n i c ,  cadmium.
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and  z in c  I p lu s  th e  g a s ,  SOg, have b een  r e le a s e d  in to  t h i s  a r e a  s in c e  th e  
b e g in n in g  o f  th e  s m e lt in g  o p e ra t io n s  i n  1888 (G ordon 1973 ). The a n im a ls  
(d o m e s tic  and w ild )  and  p la n t s  have b een  s u f f e r in g  from  c h ro n ic  p o iso n in g  
from  th e  e f f l u e n t s  o f  th e  s m e l t e r 's  s t a c k ;  how ever, o n ly  a f t e r  th e  m e ta ls  
o r  s u l f u r  had  a ccu m u la ted  t o  th r e s h o ld  l e v e l s  i n  th e  o rgan ism s was th e  
l e t h a l  e f f e c t  n o t ic e d  by  th e  c i t i z e n s .  A f te r  1968, th e  r a n c h e r s ,  by  
t h e i r  c o m p la in ts  c o n c e rn in g  th e  d e a th  o f  t h e i r  s to c k ,  and  th e  E .P .A , 
c au se d  th e  s m e l te r  t o  c o n tr o l  i t s  e f f l u e n t s  i n  a  re a s o n a b le  f a s h io n .
I n  1970 , an  in d u ced  d r a f t  f a n  and s ta c k  h e a te r  were added  t o  th e  
400- f o o t  s t a c k ,  w hich was th e  e q u iv a le n t  o f  a d d in g  100 f e e t  i n  h e i ^ t .  
T h is  h ad  a  f u r t h e r  d i l u t i o n  e f f e c t  t o  th e  c o n c e n tr a t io n  o f  e f f l u e n t s  t h a t  
f e l l  i n  th e  im m ediate v i c i n i t y ,  and  a  f u r t h e r  d i s p e r s io n  o f th e  e f f l u e n t s  
i n t o  a  l a r g e r  g e o g ra p h ic  a r e a .  I t  a l s o  was in s t ru m e n ta l  in  c a u s in g  th e  
damage t o  p l a n t s  t o  be  p r im a r i ly  c h ro n ic  r a t h e r  th a n  a c u te  (G ordon 1973). 
T h e re fo r e ,  an  o v e r a l l  change i n  th e  e x te n t  o f  damage t o  th e  a n im a ls  m ust 
a l s o  b e  assum ed.
I n  a  s i t u a t i o n  i n  w hich c h ro n ic  p o is o n in g  had  b een  e x p e r ie n c e d , 
a n  u n n a tu r a l  s e l e c t i o n  o c c u rre d  a g a in s t  th e  o rgan ism s w hich w ere u n a b le  
t o  e x i s t  w ith  an  abnorm al c o n te n t  o f  c o n ta m in a n ts . I n  th e  c a se  o f  E a s t  
H e le n a , some o f  th e  o r i g in a l  n a t iv e  p l a n t s ,  su ch  a s  l i c h e n s ,  w hich  w ere 
p re s e n t  i n  I 8 8 8 , have b e en  e l im in a te d .  L ich en s  have no t e x is te d  w i th in  
a  s ix - m i le  r a d iu s  o f  ASARC0 f o r  many d ecad es  (G ordon 1973). The la c k  o f  
earthw orm s i n  th e  s o i l  a l s o  had  b e e n  a t t r i b u t e d  t o  th e  h ig h  heavy  m eta l 
c o n te n t  i n  t h e  to p  f i v e  c e n t im e te r s  o f  s o i l .
Under t h i s  s t r e s s  many s p e c ie s  d is a p p e a re d ,  w hereas o th e r  s p e c ie s  
ev o lv ed  to w a rd s  more t o l e r a n t  v a r i e t i e s  b e c a u se  o f  t h e i r  d iv e r s e  g e n e t ic
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poo l (G ordon 1973)» The o b se rv an ce  o f  a  p a u c i ty  o f  sn a k es  and f r o g s  a t  
E a s t  H e len a  y and  th e  la c k  o f  sn a k es  i n  c o n ju n c tio n  w ith  an  abundance o f  
f r o g s  a t  F re d  B u rr  C reek y must have b een  c o r r e l a t e d  t o  t h i s  phenomenon.
I t  was th e  sm a ll number o f  sn ak es  t h a t  w ere found  d u r in g  a  lo n g  p e r io d  o f  
s e a rc h  t h a t  c au sed  th e  d iv e rg e n c e  from  th e  c o l l e c t i o n  o f  s o l e ly  g a r t e r  
sn a k e s  t o  th e  i n c lu s io n  o f  f r o g s  and  f i s h  i n  t h i s  p re s e n t  s tu d y .
The s e l e c t i o n  o f  p re s e rv e d  specim ens was d e te rm in e d  in  o rd e r  t h a t  
a  com parison  by  s p e c ie s  and  s i z e  w ith  o th e r s  from  th e  p re s e n t  s tu d y  c o u ld  
be  made. The two s i t e s  y J e t t e  Lake and Lake R ogers y w ere th e  so u rc e s  o f 
th e  g a r t e r  sn a k e s ;  th e y  w ere c o l l e c t e d  b y  B runson  in  1949» The two 
ran id S y  one from  Sm ith  Lake and  one from  Mud Lakey b o th  o f  w hich w ere 
p re s e rv e d  a s  stom ach c o n te n ts  from  th e  sn a k es  in  t h i s  study#  w ere u se d  
t o  c o n t r a s t  heavy  m e ta l c o n te n ts  o f  th e  r a n id s  from  F re d  B u rr C reek .
METHODS AMD MATERIALS
The a c c e p te d  m ethod o f  c o l l e c t i o n  o f  specim ens f o r  a n a ly s i s  in ­
v o lv e d  th e  f r e e z in g  o f  specim ens i n  p l a s t i c  bag s a t  th e  tim e  o f  c a p tu re  
(Van M eter 1974f Gordon 1972 ). I n  th e  p re s e n t  s tudy#  th e  specim ens w ere 
r e t a in e d  i n  a  d o u b le  l a y e r  o f  p l a s t i c  b a g s  u n t i l  th e y  w ere a n a ly z e d . 
S e c t io n s  o f  a  b lo o d -c o n ta in in g  o rg an  ( i . e .  u s u a l ly  l i v e r ,  o r  i f  n e ce ssa ry #  
a d d i t io n s  from  th e  k id n e y  and  h e a r t )  and  o f  v o lu n ta ry  m usc les w ere ana­
ly z e d  from  each  specim en# u n le s s  o th e rw is e  i n d ic a t e d .  B ecause th e  p ro ­
c e d u re  f o r  th e  d e te r m in a t io n  o f  l e a d  was d i f f e r e n t  from  t h a t  o f  m ercury# 
a  p a r t  o f  a  b lo o d - c o n ta in in g  o rg an  and  p a r t  o f  th e  m uscle  w ere d iv id e d  
b e tw een  th e  a n a ly s e s  o f  each  m e ta l .  T h e re fo re #  a n  a v e ra g e  o f  f o u r  chem­
i c a l  t e s t s  p e r  f r o z e n  spec im en  w ere p e rfo rm ed . A n a ly ses  o f  th e  o th e r
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o rg an s  y how ever, w ere p e rfo rm ed  i n  th e  c a se  o f  th e  sam ples from  th e  con­
ta m in a te d  a r e a s  o r  o f  th e  p re s e rv e d  sp e c im en s .
Two s ta n d a rd  m ethods o f  o b ta in in g  and p r e p a r in g  a  t i s s u e  f o r  
a n a ly s i s  have  b een  d e m o n s tra te d  t o  produce r e l i a b l e  r e s u l t s .  These 
m ethods have  b e e n  d e v e lo p ed  w ith  e c o n o m ic a lly  v a lu a b le  s p e c i e s ,  su ch  a s  
s p o r t  f i s h  and game b i r d s .  D ' l t r i  (1972) d e te rm in e d  t o t a l  m ercury  i n  a  
f i s h  b y  o b ta in in g  50  gram s o f  th e  sp ec im en , and  hom ogenizing  a  subsam ple 
o f  10 gram s from  t h i s  m u sc le , and  u s in g  a p p ro x im a te ly  1 gram o f  th e  sub­
se q u e n t m ix tu re . B a s k e tt  (1 9 7 5 ) ; i n  h i s  s tu d y  o f  b i r d s ,  and Van M eter 
( 1974) ,  i n  h i s  s tu d y  o f  f i s h ,  d i s s e c te d  a  known am ount, r e s p e c t iv e ly  1- 
graro and  3-gram  sa m p le s , o f  m u sc le . Subsam ples w ere n o t u sed  b e ca u se  a  
u n ifo rm  d i s t r i b u t i o n  o f  heavy  m e ta ls  was assum ed i n  th e  m uscle and l i v e r .  
U n ifo rm ity  o f  m ercury  in  t i s s u e  was d e te rm in e d  i n  one p a r t i c u l a r  s tu d y  
b y  th e  P is h  and W ild l i f e  S e rv ic e  (1 9 7 0 ) .
No homogenous subsam ples w ere made i n  t h i s  s tu d y ;  and th e r e  was 
a  w ide ra n g e  in  sam ple  w e ig h ts ,  w hich  w ere re c o rd e d  on a  w e t-w e ig h t (w/w) 
b a s i s ,  w h e th e r  o r  n o t th e  sam ple was f ro z e n  o r  i n f i l t r a t e d  w ith  p re s e rv a ­
t i v e s .  Koch and M anning (1973) i n d ic a te d  t h a t  th e  d e te c t io n  o f  m e ta ls  by  
th e  Atom ic A b so rp tio n  S p e c tro sc o p y  (AAS) was im proved a s  th e  sam ple in ­
c re a s e d  i n  volum e w i th in  th e  l im i t  o f  p r a c t i c a l  sam ple h a n d lin g . An 
a tte m p t was made t o  u se  n o th in g  lo w er i n  w eig h t th a n  1 .0  gram s; th e  mean 
w e i ^ t  o f  th e  sam p les w ere 1 .6  g ram s, and th e  ran g e  was 0 .9 9 - 6 .0  g ram s.
The l a r g e r  sam ples w ere ju v e n i le  s n a k e s , t h a t  w ere u se d  i n  t o ­
t a l i t y .  A l o s s  o f  some o f  th e  l a r g e r  sa m p le s , w ith  a  range  o f  3 * 9 -6 .0  
g ram s, was e x p e r ie n c e d  b e c a u se  o f  th e  amount o f  gas p re s s u re  t h a t  b u i l t  
up  w i th in  th e  s e a le d  tu b e  d u r in g  th e  d i g e s t i o n  o f  th e  sam ple c a u se d  th e
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tu b e  t o  e x p lo d e . S ubsequen t d iv i s io n s  o f  l a r g e  sam ples p re v e n te d  f u r t h e r  
l o s s  o f  sa m p le s . O th e r u n d e te rm in e d  c a u s a t iv e  a g e n ts  (su c h  a s  a  f la w  i n  
th e  g la s s w a re )  c a u se d  th e  l o s s  o f  s m a l le r  sam ples from  e x p lo s io n .
The sam ples w ere p ro c u rre d  from  th e  specim ens w ith  s t e r i l i z e d  
d i s s e c t i o n  in s tru m e n ts  ; and  c a re  was ta k e n  t o  remove th e  t i s s u e  ex­
p e d ie n t ly  t o  p re v e n t any  th aw in g  i n  th e  c a se  o f  th e  f ro z e n  sp e c im en s .
The sam ples w ere p la c e d  i n  t e s t  tu b e s  a f t e r  w e ig h in g . The t u b e s , w hich 
w ere 30 cm i n  le n g th ,  w ere made and  s e a le d  m an u a lly  from  25 mm Fyrex  
t u b in g .
The d i g e s t i o n  p ro c e d u re , w hich in v o lv e d  th e  a d d i t io n  o f  15 ml 
o f  a  m ix tu re  o f  n i t r i c  (HNO^) and  s u l f u r i c  (HgSO^) a c i d s ,  t o  th e  t e s t  
t u b e s ,  and  th e  i n s e r t i o n  o f  th e  t e s t  tu b e s  i n  a  fu rn a c e  f o r  th r e e  h o u rs  
a t  150^0 , was fo llo w e d  from  th e  d e s c r ip t io n  i n  Van M eter (1974)» The 
s e a le d  tu b e s  w ere p la c e d  i n  s t e e l  tu b in g  t o  p ro v id e  p r o te c t io n  from  pos­
s i b l e  e x p lo s io n s  t h a t  c o u ld  be  c au se d  b y  th e  in c r e a s e  o f  c a rb o n  d io x id e  
in s id e  th e  tu b e s  from  th e  d ig e s t i o n  o f  o rg a n ic  m a t e r i a l .
F o l lo w ii^  th e  c o o l in g  o f  th e  sa m p le s , th e  m ethods d i f f e r e d  i n  
th e  su b se q u e n t t r e a tm e n ts  f o r  th e  s p e c i f i c  m e ta ls .  These m ethods, th e  
p r e p a r a t io n  o f  r e a g e n ts  and  t h e  mode o f  o p e ra t io n  o f  th e  AAS, w ere p a t ­
t e r n e d  a f t e r  Van M eter (1974)«  The a n a ly s i s  was acco m p lish ed  by  th e  u se  
o f  th e  Beckman Atom ic A b so rp tio n  a tta c h m e n t f o r  th e  Model HB S p e c tro ­
p h o to m e te r . The c o ld -v a p o r  m ethod was a p p l ie d  i n  th e  m easurem ent o f  
m e rc u ry ; and  th e  flam e a s p i r a t i o n  m ethod was u se d  i n  th e  m easurem ent o f  
l e a d .
B la n k s , o r  sam p les t h a t  c o n s i s t e d  o f  r e a g e n ts  and w ith  no known 
c o n te n t  o f  heavy  m e ta l s ,  and  s ta n d a r d s  o f  known c o n c e n tr a t io n s  i n  p a r t s
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p e r  m i l l io n  were i n te r s p e r s e d  b e tw een  th e  a n a ly s e s  o f  th e  sam ples f o r  
h eav y  m e ta l s .  S ta n d a rd s  w ere made up  e v e ry  two weeks t o  p re v e n t any  
change i n  c o n c e n tra tio n *  Random t e s t s  w ere made t o  f i n d  any so u rc e  o f  
e r r o r  i n  th e  m ethods b y  a  second  a n a ly s i s  o f  th e  same sam ples f o r  l e a d ,  
a n d , d i f f e r e n t  saunples o f  th e  same ty p e  o f  t i s s u e  from  th e  same spec im en , 
f o r  m e rc u r ia l  c o n te n t .
RESULTS
C o l le c t io n  S i t e s
B oth  le a d  and  m ercury  w ere p re s e n t  i n  a l l  th e  specim ens frcxn 
each  one o f  th e  se v e n  s i t e s .  The mean w e t-w e ig h t c o n c e n tr a t io n s  o f  le a d  
i n  th e  m u sc le s  o f  Thamnophis was .18  w/w ppn ( ra n g e  .0 2 - . 40 p p n ); i n  th e  
l i v e r  sa m p le s , th e  mean was .1 2  w/w ppm (ra n g e  .0 2 - .3 0  ppm). The mean 
w e t-w e ig h t c o n c e n tr a t io n s  o f  m ercury  i n  t h e  m u sc les  and l i v e r  w ere c o r­
re s p o n d in g ly  .26 w/w ppm (ra n g e  . 01- 1 .0  ppm) and  .24  w/w ppm (ra n g e  . 05-  
.49  p fm ).  The m uscle  t i s s u e  c o n s i s t e n t l y  h ad  a  h i ^ e r  c o n te n t  th a n  th e  
l i v e r  i n  m ost o f  th e  in d iv id u a l  sp e c im e i^  f o r  b o th  m e ta ls  (T ab le  3 . 1 ) .
No co m p ariso n  was made i n  th e  a r e a  o f  s p e c i f i c  c o n c e n tr a t io n  o f  heavy  
m e ta ls  b y  fem ale  sn a k es  v e r s u s  m ales from  th e  same s i t e  b e c a u se  o f  th e  
sm a ll  sam ple s i z e ;  how ever, i n  mammals and i n  r a t t l e s n a k e s ,  t h e  te n d e n c y  
o f  t h e  fe m a le s  t o  c o n c e n tr a te  a  h ig h e r  amount o f  m e ta ls  h a s  b een  sub­
s t a n t i a t e d  i n  fo rm er s t u d i e s  ( J e f f r i e s  and  F rench  1972, B a u e re le  ^  a l .
1 9 Î5 ) .
A co m p ariso n  o f  each  s i t e  i n  d e sc e n d in g  o rd e r  o f  u se  b y  a u to ­
m o b ile s ,  and  o c c a s io n a l ly  b o a t s ,  was made f o r  each  m e ta l .  S m ith  Lake 
was th e  m ost v i s i t e d  s i t e  and  J e t t e  Lake was th e  l e a s t  (F ig u re  A ).
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T ab le  3 .1 — Heavy M etal C o n c e n tra tio n s  i n  Thamnophis from  
C o l le c t io n  S i t e s
S i t e S p e c ie s
S nou t-V en t 
Sex L ength  
(cm)
Lead 
(w/w ppm)
M ercury 
(w/w ppm)
L iv e r  M uscle L iv e r  M uscle
Woods Pond T . s .  p a r i e t a l i s M 4 2 .3 .18 .22 .05 ---------
MacDonald T . « .  v a g ra n s M 4 8 .7 .22 .18 ■ — .23
ju v . 2 4 .7 .5 4 ---------
T . e .  v a g ra n s M 4 7 .7 .05 .03 .15 .04
J e t t e  Fond T . s .  p a r i e t a l i s M 5 2 .6 .0 2 .02 .49 .28
T . e .  v a g ra n s F 4 3 .8 .03 .13 — .33
J e t t e  Lake T . s .  p a r i e t a l i s F 4 4 .2 .07 .03 .2 .3
T . e .  v a g ra n s F 3 3 .6 .4 — — 1.0
S m ith  Lake F 5 5 .3 .03 .03 .2 0 .09
T . s .  p a w rie ta lis M 4 4 .8 .2 .25 .43 .21
F 4 3 .4 .2 .1 .21 .63
Lake R ogers
T . e .  v a g ra n s
4 8 .4 .1 .15 .47
T . s .  p a r i e t a l i s F 4 7 .5 .2 .25 .15 .16
Mud Lake T . e .  v a g ra n s MM
4 5 .9
4 8 .9
.3
.1 4
.3
.1
.09 .11
.01
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Figure A. Heavy Metals in the Tissues of Thamnophis 
from Collection Sites.
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(The u n even  number o f  sam ples on th e  g rap h s  was in f lu e n c e d  by  th e  l o s s  o f  
sam p les by  e x p lo s io n s .)  J e f f r i e s  and F ren ch  (1972) c o n d u c ted  a  s i m i l a r  
s tu d y  i n  E ng land  c o n c e rn in g  th r e e  s p e c ie s  o f  ro d e n ts  ( i . e .  f i e l d  m ice , 
bank  v o l e s ,  and f i e l d  v o l e s ) .  They w ere co n cern ed  w ith  th e  d i f f e r e n c e  
i n  c o n c e n tr a t io n  o f  le a d  in  th e s e  mammals o f  w oodland and  f i e l d  a r e a s  
an d  th o s e  o f  ro a d s id e  v e rg e s .  The h a b i t a t  m ost l i k e l y  t o  c o n ta in  th e  
h i p e s t  c o n c e n tr a t io n  was ro a d s id e  v e rg e s ,  w hich  w ere d i r e c t l y  s u b je c te d  
t o  e x h a u s t c o n ta in in g  le a d  from  p a s s in g  c a r s .  They found  a  l a r g e  d i f ­
f e r e n c e  i n  th e  v e g e ta t io n  o f  th e  s i t e s ,  b u t th e  mammals from  th e  v e rg e s  
h ad  a  mean le a d  c o n c e n tr a t io n  o f  2 .26  w/w ppm and  from th e  f i e l d  1 .32  
w/w ppm ( J e f f r i e s  and  F ren ch  1972 ). The sm a ll d i f f e r e n t i a l  was s u r p r i s i n g ;  
and  th e  f i e l d  c o n ta m in a tio n  was a t t r i b u t e d  t o  r a i n f a l l .
"The n a t io n a l  a v e ra g e  c o n ta m in a tio n  o f  r a i n  i n  th e  U n ited  S t a t e s  
was 0 .36y4(g /l and  re a c h e d  a s  much a s  300 /< tg /l i n  some l o c a l i t i e s "  ( J e f f r i e s  
and  F rench  1972). T h is  v a r i a b le  sh o u ld  be c o n s id e re d  in  f u tu r e  s tu d i e s  
i n  n o r th w e s te rn  M ontana, w hich e x p e r ie n c e d  more p r e c i p i t a t i o n  th a n  o th e r  
s e c t io n s  o f  th e  s t a t e .  I t  was unknown w h e th e r r a i n  was one o f  th e  c a u se s  
o f  th e  o c c u rre n c e  o f  heavy  m e ta ls  i n  r e l a t i v e l y  u n d is tu rb e d  s i t e s .
I n  th e  r e s u l t s  o f  th e  le a d  a n a ly s e s , th e  m uscle sam ples from  
specim ens from  Sm ith  Lake had  th e  l a r g e s t  ran g e  in  ppm ( .0 3 - .4 0 ) ,  and  i t  
a l s o  had  th e  h ig h e s t  c o n te n t  o b se rv ed  f o r  m u sc le . The o c cu rren c e  o f 
r e l a t i v e l y  h i ^  am ounts i n  th e  sn a k es  o f  Mud L ake, w hich was n o t a f f e c t e d  
b y  m o to r iz e d  v e h ic le s  d i r e c t l y ,  may be  a  r e f l e c t i o n  i n  th e  d ra in a g e  o f  
w a te r s  f r a n  Lake F iv e ,  a  p o p u la r  r e c r e a t io n  s i t e .  Lake R o g e rs , w hich  d id  
n o t have  m o to riz e d  b o a t  d i s tu r b a n c e s ,  had  a  s i m i l a r  a v e ra g e  i n  m uscle  
c o n te n t  w ith  Mud Lake ( t h a t  i s ,  .25  ppm t o  .2 0  ppm ).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
I n  d e sc e n d in g  o r d e r ,  th e  lo w er a v e ra g e  c o n c e n tr a t io n s  w ere found  
a t  Woods Pond, McDonald R e s e rv o ir ,  J e t t e  L ake, and  J e t t e  Pond. The ex­
p la n a t io n  a s  t o  why J e t t e  Pond was th e  s i t e  o f  th e  lo w e s t c o n c e n tr a t io n s  
c an  o n ly  b e  h y p o th e s iz e d . A lthough  th e  lo g g in g  d is tu rb a n c e  h as  b een  m ajor 
i n  th e  a r e a ,  th e  a c tu a l  l e a d  c o n te n t  was l e s s  th a n  e x p e c te d , even  though  
em pty g as ta n k s  and  c a t e r p i l l a r  t r a c t o r s  w ere s i f t e d  on o c c a s io n  a t  th e  
pond s i t e .
A ju v e n i le  from  McDonald R e s e rv o ir  was a n a ly z e d  in  t o t a l  and  had  
a  *54 ppm body  c o n te n t  o f  l e a d .  I t  was i n t e r e s t i n g  t o  s p e c u la te  a s  t o  
w h e th e r  o r  n o t t h i s  ju v e n i le  had  o b ta in e d  t h i s  amount from  a  su b seq u e n t 
c o n c e n tr a t io n  o f  m e ta l th ro u g h  th e  p la c e n ta  o f  i t s  m o th e r , o r  from  o th e r  
s o u r c e s . I t  was s t a t e d  i n  fo im e r s tu d i e s  t h a t  u p ta k e  by  a n im a ls  was n o t 
r e l a t e d  t o  t r o p h ic  l e v e l s ,  b u t  t o  su ch  f a c t o r s  a s  m e ta b o lic  r a t e  and 
f e e d in g  h a b i t s  (K ren k e l e t  a l .  1973» J e f f r i e s  and F ren ch  1972). The 
o b s e rv a t io n  t h a t  r e c e n t l y  b o th  sn ak es  te n d e d  t o  in c r e a s e  t h e i r  fe e d in g  
p e r io d ,  th e re b y  m axim izing  t h e i r  grow th  r a t e  (G reg o ry  and S te w a rt 1974) 
in d ic a t e d  f u r t h e r  t h a t  i n  t h i s  s tu d y  a  ju v e n i le  c o u ld  have e x p e r ie n c e d  
lo n g e r  ex p o su re  t h r o u ^  d i e t  t o  m e ta ls  i n  th e  env ironm en t th a n  o th e r  
" h ib e r n a t in g "  members o f  th e  p o p u la t io n .
In  r e s p e c t  t o  th e  m ercury  c o n c e n t r a t io n s .  Sm ith Lake a g a in  was 
th e  a r e a  a t  w hich th e  h ig h e s t  c o n c e n tr a t io n  ( 1 .0  w/w ppto) was found  in  
th e  m uscle  t i s s u e  (F ig u re  A ). T here  was a  w ide d i f f e r e n c e  i n  concen­
t r a t i o n s  (b e tw een  in d iv id u a l  sn a k es  and  b e tw een  d i f f e r e n t  t i s s u e s  o f  
each  sn a k e )  found  a t  Lake R ogers and  J e t t e  Pond; and  a  much l e s s  d e v ia ­
t i o n  i n  th e  sam p les a t  Mud Lalce and J e t t e  Lake (T ab le  3 . 1 ) .
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As r e f e r r e d  t o  i n  th e  i n t r o d u c t io n  o f  t h i s  c h a p te r ,  many s o u rc e s  
e x i s t e d  t o  c au se  th e  p re se n c e  o f  m ercu ry ; h u t  even i n  a  r e c e n t  s tu d y  on 
backg round  l e v e l s  o f  m ercury  a t  a  rem ote  s e c t o r  o f  th e  G rea t Smoky Moun­
t a i n s  N a tio n a l  Park  i n  1973, m ercury  was found  i n  th e  ran g e  o f  .017  t o  
•098 ppm i n  f i s h  (F u lk e rso n  e t  1974)» T h e re fo re ,  th e  p ro b a b le  
n a tu r a l  o c c u rre n c e  o f  m ercury  i n  th e  s o i l s  i n  t h i s  in c id e n c e ,  a s  i n  th e  
o th e r  s tu d y ,  had  an  in e s t im a b le  in f lu e n c e  a t  th e s e  se v e n  s i t e s .  The en­
v iro n m en t i n  w hich th e  organism  l i v e d ,  such  a s  a q u a t ic  o r t e r r e s t r i a l ,  
h a s  b e e n  c o n c lu d ed  t o  have much b e a r in g  i n  th e  c a se  o f  m ercury  from  a 
s tu d y  o f  F re d  B u rr  C reek . (S ee  n e x t s e c t i o n . )
Fred Burr
Two sn a k es  and  fo u r  f r o g s  from  t h i s  a r e a  had  s p e c i f i c  t i s s u e  
sam ples from  t h e i r  b o d ie s  a n a ly z e d  f o r  m ercury  c o n te n t  (T ab le  3 * 2 ) .
The T . e .  v a g ra n s  was a n a ly z e d  i n  e n t i r e t y  b e ca u se  i t  was a  ju v e n i le  
sn a k e ; how ever, f o u r  sam p les w ere d i s s e c te d  from  th e  g r a v id  T . s .  
p a r i e t a l i s . These sam ples in c lu d e d  a  m uscle s e c t i o n ,  th e  l i v e r ,  th e  
a n t e r i o r  p o s i t io n e d  egg  and  th e  p o s t e r i o r  p o s i t io n e d  e g g . These two 
eggs w ere s e l e c te d  from  th e  17 eggs i n  o rd e r  t o  show any d i f f e r e n c e  in  
th e  l e a s t  d ev e lo p ed  eg g  ( a n t e r i a d )  and th e  most d e v e lo p ed  e g g . A t i s s u e  
a s so r tm e n t c o n s i s t in g  o f  th e  head  ( in c lu d in g  th e  b r a in )  and  th e  l i v e r  
was d i s s e c te d  from  each  r a n i d .
The sam ples from  th e  sn a k es  c o n ta in e d  a  h ig h  p e rc e n ta g e  o f  m erc u ry . 
(The tw o eg g s and l i v e r  o f  th e  g r a v id  T . s .  p a r i e t a l i s  w ere n o t a n a ly z e d  
b e c a u se  th e  sam p les ex p lo d e d  d u r in g  th e  d i g e s t i o n  p ro c e s s  i n  th e  f u r n a c e . )  
The c a r c a s s  o f  th e  ju v e n i le  sn ak e  had  .7 7  Ppm Hg, and th e  m uscle  o f  th e
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T ab le  3 «2— D ata  from  H e rp e to fau n a  a t  F re d  B u rr  C reek
L ength  Wet W eight T is su e  Sam ples
S p e c ie s  (cm) (g )  (ppm Hg)
Tham nophis s i r t a l i s 7 2 .9  ( s . v . ) * 2 70 .4 .39
Tham nophis e le g a n s 23.1  ( s . v . ) 5 .0 .77
Rana p r e t i o s a 9 .9  ( t . ) + 3 .8 2 .5 8
14.5  ( t . ) 12.7 2 .0 2
14 .2  ( t . ) 16.5 2 .8 8
16.1 ( t . ) 22 .7 1.46
*
e * v . » s n o u t-v e n t  
"*'t. = t o t a l
g r a v id  fem a le  had  .39  P p m .  The sa m p le s , w hich w ere co n g lo m era te s  o f 
l i v e r  and  b r a i n  t i s s u e s ,  from  th e  f ro g s  w ere much g r e a t e r  in  c o n te n t  ; 
th e y  w ere a s  fo l lo w s :  I . 4 6 , 2 .0 2 , 2 . 5 8 , 2 .8 8  ppn . The mean o f  th e  mer­
c u ry  c o n te n t  from th e  r a n id s  was 2 .2 7  ppm.
C om parisons w ere made g r a p h ic a l ly  b e tw een  th e s e  sam ples and  
sam ples from  a re a s  o f  l e s s  c o n ta m in a tio n  (F ig u re  B ) .  The com parisons 
w ere b a se d  upon s i m i l a r  l e n g t h s ,  and  i f  p o s s ib le ,  be tw een  th e  same s p e c i e s .  
One f ro z e n  and two r e c e n t l y  p re s e rv e d  ju v e n i l e s ,  w hich w ere from  McDonald 
R e s e rv o ir  and  Lake R o g e rs , w ere a l l  low er i n  m ercury  c o n te n t  th a n  th e  
ju v e n i le  from  F re d  B u r r .  T liis  ju v e n i le  had  8 .5  t im e s  more m ercury  tlia n  
th e  mean (X = .09  w/w ppm) o f  th e  o th e r  t h r e e  j u v e n i l e s .
The th r e e  a d u l t s ,  w hich w ere from  Sm ith  Lalce, J e t t e  Pond, and  
J e t t e  L ake , w ere c h o sen  b e c a u se  th e y  w ere th e  l a r g e s t  snalces w hich  w ere 
a n a ly z e d  f o r  m erc u ry . Only th e  in d iv id u a l  from  J e t t e  Lalce, how ever, was
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Fred B u rr Specimens
Figpire B . M ercuric C o n c e n tra tio n  in  F red  B u rr Samples 
and i n  O ther S im ila r  Samples
Types o f  
T issue S i t e Species Length
Wet W ei^ t  
(g )
PPM
(Hg)
Fred Burr T. 8 . 72.9  ( s . v . ) 270.4 .39
J e t t e  Pond T. 8 . 2 . 52 .6  ( s . v . ) 62.17 .28
MIBCLE Smith Lake T. e .  V. 5 5 .3  ( s . v . ) .09
J e t t e  Lake T. s . 6 4 ,0  ( s . v . ) 91.36 .05
CARCASS OF 
JUVENILE
F red  B urr 
Lake Rogers
MacDonald
C irque
T. e .  V. 
T . s .  p .  
2* B. f .
T . e .  V.
23.1 ( s . v . )
2 0 .2  ( s . v . )
23 .0  ( s . v . )
24.1 ( s . v . )
5 , 0
5 .72
4.73
.77
. 23%
.04
.01
F red  B u rr R. p r e t io s a 9 .9  ( t . ) 3 .8 2.58
R. p r e t io s a 14.5 ( t . ) 12.7 2 .02
R. p r e t io s a 14.2 ( t . ) 16.5 2 .88
RAMIB6 R. p r e t io s a 16.1 ( t . ) 22.7 1.46
Hud Lake R, p r e t io s a 15.0 ( t . ) 18.5 .04*
Sm ith Lake R. p ip ie n s 10.3 ( t . ) 6 .9 .04*
p re se rv e d  specim ens
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th e  c l o s e s t  i n  s i z e  t o  th e  g rav id . T . s .  p a r i e t a l i s . The ran g e  o f  th e  
m usc le  c o n te n t  o f  th e  t h r e e  sn a k e s  was .O5 - .2 8  ppm, and  th e  mean was . I4 
ppm. The m uscle  from  th e  T . s .  p a r i e t a l i s  from  F re d  B u rr  C reek  was 
g r e a t e r  i n  c o n c e n tr a t io n  by  a  f a c t o r  o f  2 . ? .
Two r a n i d s ,  one from  each  s p e c i e s ,  w ere com pared t o  th e  r a n id s  
o f  F re d  B u r r  C reek . B oth  f r o g s  had  th e  same amount o f  m ercury  ( .0 4  ppm), 
a l th o u g h  one was from  Mud Lake and  one from  Sm ith  L ake. The mean (2 .2 7  
ppn) o f  th e  f o u r  F re d  B u rr  f r o g s  was 57 tim e s  more th a n  th e  mean o f  th e s e  
two f r o g s .  One n o te  o f  i n t e r e s t  was t h a t  th e  f i r s t  two o f  th e  F re d  B u rr  
f r o g s ,  w hich w ere c o l l e c t e d  ab o u t one—h a l f  m ile  below  th e  m i l l ,  h ad  a  
mean c o n c e n tr a t io n  t h a t  was l e s s  th a n  t h a t  o f  th e  two f ro g s  from th e  
m i l l ' s  v i c i n i t y .  T hese means w e re , r e s p e c t iv e ly ,  2 .1 7  ppm and 2 .3 0  ppm.
Van M eter (1974) a n a ly z e d  t r o u t  m u sc le , and  w a te r  sam ples a t  fo u r  
d i f f e r e n t  p la c e s  a lo n g  F re d  B u rr  C re ek . H is r e s u l t s  have b een  c o r r e l a t e d  
w ith  t h e  sam ples c o l l e c t e d  i n  t h i s  s tu d y  (T ab le  3 * 3 ) . A d i s t i n c t  t r e n d  
was d e m o n s tra te d  from  h i s  d a ta .  As th e  sam ples o f  w a te r  and  ra inbow  
t r o u t  w ere c o l l e c t e d  c lo s e r  t o  th e  o r i g in  o f  m ercury  d is s e m in a t io n  ( i . e .  
th e  stam p m i l l ) ,  th e  m ercu ry  c o n te n t  became h ig h e r .  T h is  may be th e  p a r ­
t i a l  c au se  f o r  th e  d i f f e r e n c e  i n  a v e ra g e s  b ew teen  th e  fo u r  f r o g s ,  t h a t  
w ere  c o l l e c t e d  a t  tw o p la c e s .
The ra n g e  o f  th e  m ercury  i n  th e  ra inbow  t r o u t  from F re d  B u rr  
C reek  was .2 7 -1 * 9 2 ; th e  mean was .56  ppm. These d a ta  w ere com pared t o  
two s t u d i e s  t h a t  w ere e s t a b l i s h i n g  background  d a ta  f o r  th e  ra inbow  t r o u t , 
Salmo g a i r d n e r i . I n  Lake P o w e ll, w hich  was in f lu e n c e d  by th e  n a tu r a l  
m ercu ry  i n  th e  s u r ro u n d in g  s o i l ,  ra inbow  and  b ro o k  t r o u t  w ere c o n s id e re d  
i n  th e  same c a te g o r y .  The m ercu ry  c o n te n t  ra n g e d  . 07- . I O  ppm, th e  mean
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T able  3*3— M ercury G rada tions a t  F red  B urr Creek ( i n  ppn)
Number o f  W ater ^ Salmo g a ird n e r i  Rana p r e t io s a  Thamnophis s i r t a l i s  Thamnophis e leg an s
Samples C o n c e n tra tio n  N Range Mean N Range Mean N Range Mean N Range Mean
1^ .0022 9 . 25 -.45  ( .3 4 )
I f  .0044 7 .3 2 -.6 T  ( .4 3 )
a 2 1 . 46- 2.88  ( 2 . 17) -
1̂  .1200 4  . 67- 1.92  ( 1. 26) 2 2 . 02- 2.58  ( 2 . 30) 1 .39 1 .77
1® .0031 -      -      -      -  -----
*Data from Van M eter ( I 974 ) .
"^T. e .  V. c a rc a s s  o f  ju v e n ile  an a ly zed  in  t o t a l .  
^  m ile  i n  d is ta n c e ,  app roach ing  th e  m i l l .
S ^At th e  m i l l .
®Above th e  m i l l .
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was .0 8  ppm ( P o t t e r  e t  1975 ). I n  th e  G re a t Smoky M ountains N a tio n a l 
P ark  I S . g a i r d n e r i  had  a  ran g e  o f  .0 2 9 - .O9 8 , th e  mean was .O45 (F u lk e rs o n  
e t  a l . 1974)* The d i f f e r e n c e  b e tw een  th e  f i s h  from  F re d  B u rr  C reek and 
th e s e  two s t u d i e s  w ere no t a s  g r e a t  i n  p o r p o r t io n  a s  th e  d i f f e r e n c e  b e ­
tw een  th e  r a n id s  i n  t h i s  p re s e n t  s tu d y . P e rm e a b il i ty  o f  am phib ian  s k in  
t o  w a te r  and  th e  e le m e n ts  i n  th e  w a te r  c o u ld  have c au se d  t h i s  d i s t i n c t i o n  
be tw een  f i s h  and  f r o g s .
A no ther c o n t r a s t i n g  phenomenon was o b se rv ed  in  th e  sam ples from 
F re d  B u rr  C re e k . The a q u a t ic  v e r t e b r a t e s  w ere h ig h e r  i n  c o n c e n tr a t io n  
th a n  th e  t e r r e s t r i a l  form s a t  th e  m i l l  s i t e ;  t h e r e f o r e ,  i t  was e v id e n t 
t h a t  t h e r e  e x i s t e d  a  c o n n e c tio n  be tw een  t h i s  o c c u rre n c e  and  th e  h i ^  
c o n c e n tr a t io n  i n  th e  w a te r  a t  t h i s  s i t e .  F u lk e rso n  e t  (1974) con­
c lu d e d  from  fo o d  c h a in  s t u d i e s  t h a t  t h e r e  w ere t h r e e  ty p e s  o f  ex p o su re  
f o r  a  f i s h .  One was th e  a d s o r p t io n  o f  m ercury  on th e  mucous l a y e r  on th e  
s k in ,  a n o th e r  from  th e  in g e s t io n  o f  fo o d , and  l a s t l y ,  th e  a s s i m i l a t i o n  o f  
m ercu ry  i n to  th e  b lo o d s tre a m  a s  a  co r^equence  o f  d ig e s t i o n .  T hese ex­
p o su re s  w ere p ro b a b ly  v a l i d  f o r  a m p h ib ia n s , i n  p a r t i c u l a r  th e  s p o t t e d  
f r o g  a t  F re d  B u rr  C reek .
E a s t  H e lena
T is s u e s  from  th r e e  w an d erin g  g a r t e r  s n a k e s , f o u r  s p o t te d  f r o g s ,  
and  one s u c k e r  w ere a n a ly z e d  f o r  l e a d .  The ran g e  and mean o f  th e  w e t-  
w e i# i t  c o n c e n tr a t io n  o f  le a d  in  p a r t s  p e r  m i l l io n  w ere a s  fo l lo w s :  
g a r t e r  s n a k e s ,  m u sc le : . 36—.8  (m ean: .55 )»  l i v e r :  O .I - . 7  (m ean: .3 9 )»  
f r o g s ,  t i s s u e :  . 43- 4 .8  (m ean: 1 .5 8 ) ,  l i v e r :  0 .1 ;  s u c k e r ,  t i s s u e :  .9 4 .  
( I t  m ust be  n o te d  t h a t  th e  l a r g e s t  r a n id  had  a  l i v e r  w ith  th e  w e i# i t  o f
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a p p ro x im a te ly  1 .0  gram , w hich was th e  m inim al w e ig h t n e c e s s a ry  f o r  a n a l y s i s .  
T h e re fo re ,  t h i s  r a n id  was sam pled  i n  two p a r t s . )  The m uscle sam p les o f  
th e  Tham nophis d is p la y e d  a  g r e a t e r  c o n c e n tr a t io n  o f  le a d  th a n  th e  l i v e r  
sam p les a t  t h i s  s i t e  (T ab le  3 « 4 ) .
The f i s h  and  th e  tw o f r o g s  w hich w ere c o l l e c t e d  on a  ra n c h  ab o u t 
a  m ile  s o u th e a s t  o f  th e  s ta c k  w ere d i s s i m i l a r  i n  c o n te n t .  However, th e  
f r o g  w ith  t h e  h ig h e s t  c o n c e n tr a t io n  (4*8 ppm) was found  a t  t h i s  s i t e .
The o th e r  f r o g  w hich was s i m i l a r  i n  s i z e  was l e s s  th a n  o n e - te n th  ( . 4 6  ppm) 
o f  t h e  c o n c e n tr a t io n  o f  th e  o th e r .  The re le v a n c e  o f  t h i s  d i f f e r e n c e  can  
n o t be  a n a ly z e d  w ith o u t more sa m p le s ; th e  s u c k e r ,  how ever, w ith  th e  con­
c e n t r a t i o n  o f  .94  ppm was p ro b a b ly  exem plary  o f  o th e r  s u c k e rs  i n  i t s  
s i z e  r a n g e .  S u c k e rs , w hich  w ere on th e  low er t r o p h ic  l e v e l  i n  a n  a q u a t ic  
fo o d  c h a in ,  have b een  found  t o  c o n s i s t e n t l y  c o n ta in  a  lo w er amount o f  
heavy  m e ta ls  th a n  o th e r  s p e c i e s ,  su ch  a s  t r o u t ,  w hich w ere a t  th e  h ig h e s t  
t r o p h ic  l e v e l  ( P o t t e r  e t  a l .  19751 F u lk e rso n  e t  a l .  1974)»
No obv ious c o r r e l a t i o n  was o b ta in e d  from  th e  a n a ly s i s  o f  r a n id s  
i n  th e  c o n c e n tr a t io n  o f  l e a d  and  th e  d is ta n c e  from  th e  ASARC0 s t a c k .  The 
two f r o g s  from  th e  s i t e  f u r t h e s t  away ( i . e .  Q uarry  Lake) w ere r e l a t i v e l y  
h i ^  i n  t i s s u e ,  .43  and  .66  ppm. ( I t  sh o u ld  be n o te d  t h a t  th e  l i v e r  
[ 0 .1  ppm] o f  th e  l a r g e r  o f  th e  two f ro g s  was s i g n i f i c a n t l y  l e s s  i n  con­
c e n t r a t i o n  th a n  th e  t i s s u e  [ .6 6  p p m ].) However, th e  one sn a k e , w hich was 
c o l l e c t e d  a t  t h i s  l a k e ,  was th e  lo w e s t i n  c o n c e n tr a t io n  o f  b o th  l i v e r  and 
m uscle  sam p les among th e  s n a k e s .
A s u rv e y  w hich was done on a n o th e r  fo o d  item  o f  g a r t e r  s n a k e s ,  
t h a t  o f  m ice ( i . e .  c o n g lo m era te  te rm  in c lu d in g  P erom yscus, M ic ro tu s  and  
Mus) ,  showed a  d e f i n i t e  a c c u m u la tio n  i n  th e  k id n e y  o f  th e  m ice (G ordon 1972)
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The m ice , which were c o l le c t e d  w ith in  a rad iu s o f  a few m iles  o f  th e  
s ta c k , had a  range o f  le a d  in  t h e ir  k id neys o f  O.^-IIO.O ppm (mean: 4 2 .5
ppm). T h eir  k id n eys were se v e r a l tim es h igh er  in  c o n cen tra tio n  than th e  
l i v e r s ,  which ranged 0 .5 - 2 3 .0  ppm (mean: 7 .6  ppm).
The d if fe r e n c e  o f  th e s e  mice from th e c o n tr o l specim ens was sub­
s t a n t i a l .  The mean c o n c en tr a tio n  o f  lea d  in  th e  tw e lv e  c o n tr o l specim ens 
was 0 . 5  ppm fo r  k id n e y s , and 2 .0  ppm fo r  l iv e r s  (Gordon 1972). The 
reason  fo r  th e  occurrence o f  g r e a te r  c o n c en tr a tio n s  o f  lea d  in  th e  l iv e r  
ra th er  than  th e  k id n eys o f  th e  c o n tr o l mice was not r e so lv e d . However, 
th e  a n a ly s is  o f  a la r g e  q u a n tity  ( i . e .  8 l  specim ens) o f  mice from th e  
sm e lte r  c le a r ly  dem onstrated th e  tendency fo r  k id neys t o  co n cen tra te  lea d  
in  a s t r e s s  environm ent.
The c o n t r a s t  be tw een  th e  means o f  th e  t i s s u e  c o n c e n tr a t io n s  o f 
th e  m ice and  t h e i r  p r e d a t o r s , g a r t e r  s n a k e s , c o u ld  be  p a r t i a l l y  e x p la in e d  
b y  th e  fo o d  s tu d y  o f  T . e .  v a g ra n s  ( s e e  C h ap te r IV , T ab le  4 . 6 ) .  The 
ro d e n t p la y e d  a  m inor r o l e  i n  th e  p e rc e n ta g e  o f  food  in g e s te d  by  th e  
w an d erin g  g a r t e r  sn a k e ; am ph ib ians and  f i s h ,  c o n t r a s t i n g l y ,  p la y e d  more 
im p o rta n t r o l e s .
T h e re fo re ,  i n  en v iro n m en ts  su ch  a s  from  th e  two c o n ta m in a te d  
a r e a s  i n  t h i s  s tu d y ,  th e  in d ig e n o u s  a n im a ls  th ro u g h  t h e i r  d i e t s  have 
b e e n  ex p o sed  to  a  sub—l e t h a l ,  a n d , i n  many c a s e s ,  n o n - a f f e c t in g  l e v e l s  
(G ordon 1973 ). I n  th e  p r e d a to r ,  Tham nophis, th e  r a t e  a t  w hich th e  in ­
g e s t io n  o f  th e  m e ta l o c c u r re d  and  su b seq u e n t lo s s e s  th ro u g h  th e  d e t e r i o r a ­
t i o n  o f  th e  m e ta l i t s e l f  ( h a l f - l i f e )  i n  th e  an im al and f e c a l  e l im in a t io n ,  
m ust be  d i r e c t l y  r e l a t e d  t o  th e  s e a s o n a l  em phasis o f  p re y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
42
P re s e rv e d  Specim ens
Seven g a r t e r  sn a k es  and  two r a n id s  w ere a n a ly z e d  f o r  th e  con­
c e n t r a t i o n  o f  heavy  m e ta ls  w i th in  t h e i r  t i s s u e s .  Care was ta k e n  to  c o r­
r e l a t e  a p p ro x im ate  s i z e s  b e tw een  th e  r e c e n t l y  p re s e rv e d  specim ens and 
th o s e  c o l l e c t e d  i n  1949 by  B runson (T ab le  3 . 5)»  T h is  i n i t i a l  i n v e s t i g a ­
t i o n  i n t o  t h e  e f f e c t  t h a t  t im e  and  p r e s e r v a t iv e s  had  upon th e  heavy  
m e ta l c o n c e n tr a t io n s  in  h e rp e to fa u n a  was in f lu e n c e d  b e ca u se  o f  two 
r e a s o n s . T hese w ere t h a t  ( l )  a  l a r g e  amount o f  d a ta  e x i s te d  i n  m ajo r 
r e p o s i t o r i e s  f o r  b i o lo g i c a l  specim ens w hich w ere c o l l e c t e d  from known 
l o c a l i t i e s  and  w hich  h ad  n o t b een  s u f f i c i e n t l y  u t i l i z e d ,  and (2 )  th e  
need  t o  m in im ize th e  c o l l e c t i n g  from  a r e a s  w ith  r e l a t i v e  l i t t l e  p o l lu ­
t i o n  d i s tu r b a n c e ,  i f  background  d a ta  c o u ld  be  o b ta in e d  from museum sam­
p l e s .
F e a th e r s  and  e g g s h e l l s  have b een  u se d  s u c c e s s f u l ly  i n  th e  a n a ly s i s  
o f  p o ly c h lo r in a te d  b ip h e n y ls  and m ercury  in  Sweden (R ick  1975)» T h ese , 
how ever, w ere no t k e p t in  p r e s e r v a t i v e s .  The c o n tro v e rs y  o f  th e  e f f e c t s  
o f  a lc o h o l  and  fo rm a l in  upon museum specim ens had  i t s  o r i g in s  i n  s t u d i e s  
o f  f i s h  t i s s u e s .
Evans e t  ( 1972) w ere th e  f i r s t  A m ericans t o  make an  e x te n s iv e  
u s e  o f  museum f i s h  ( i . e .  57 sp ec im en s) f o r  d e te rm in in g  th e  t o t a l  m ercury  
l e v e l s  i n  th e  m uscle  t i s s u e  o f  f i s h  from  th e  Lake lir ie -L a k e  S t .  C l a i r  
r e g io n  o f  O n ta r io .  S e v e n ty  p e rc e n t  o f  th e  p re s e rv e d  f i s h  c o l l e c t e d  b e ­
tw een  1920 and  1965 c o n ta in e d  t o t a l  m ercury  l e v e l s  o f  l e s s  th a n  0 .2 0  ppm; 
th e s e  f i g u r e s  c o r r e l a t e d  d i r e c t l y  w ith  c u r r e n t  d a ta  ta k e n  o f  f i s h  from  
u n c o n ta m in a te d  a r e a s  o f  th e  G re a t L ak es .
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T ab le  3 .5 — C o n c e n tra t io n s  o f  Heavy M eta ls  i n  P re se rv e d  
Specim ens
M etal S i t e B ate  S p e c ie s (cm)
T is su e
A nalyzed
Wet W eight 
(ppm)
J e t t e  Lake 1-8-49 31* .S* £ • 76 .0 m uscle .05
12-7-74 T . e ,  V . 5 9 .3 m uscle .07
Lake R ogers 20-6-74 T * s  « p # 30 .5 e n t i r e  body .04
16-7-49 T . jg. 26.3 e n t i r e  body .23
MERCURY S m ith  Lake 3 -8 -7 4  R. p ip ie n s 10.3 a n te r i a d .04
p o r t io n
Mud Lake 1 5-7 -74  R. p r e t i o s a 15.0 a n te r ia d .04
p o r t io n
J e t t e  Lake 1-8-49 T . 8 . 76 .0 l i v e r .25
19-6 -74 T . 8 .  2 * 6 0 ,0 l i v e r .30
Lake R ogers 16—7—49 T . jg ' 28.5 e n t i r e  body exp loded
20-6 -74 T . 8 .  Jg. 2 6 .2 e n t i r e  body .40
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A nother o p to m ls t io  s tu d y  on r e c e n t  and ^ O -y e a r-o ld  b e n th o p e la g ic  
f i s h  by  B a rb e r  an d  C ross (1972) in d ic a te d  t h a t  a lth o u g h  th e  m ercury  con­
t e n t  o f  th e  w a te r  i n  th e  d e ep -o ce a n  h a b i t a t  had  ch an g ed , th e  m ercury  con­
c e n t r a t i o n s  i n  th e  two s p e c ie s  had  no t changed . C o n t r a s t in g ly ,  a  w e l l -  
o rg a n iz e d  s tu d y  s p e c i f i c a l l y  on th e  e f f e c t s  o f  p r e s e r v a t iv e s  emd tim e  by  
G ibbs e t  ( 1974) c au se d  c o n s id e ra b le  doubt t o  e x i s t  on any s tu d y  b a se d  
on p re s e rv e d  m a t e r i a l .
Specim ens o f  f i s h  w hich were p re s e rv e d  f o r  one month i n  f o r m a l in ,  
e th y l  a l c o h o l , and  is o p ro p y l  a lc o h o l  had  s e v e r a l  v a r io u s  changes o c c u r 
i n  t h e i r  heavy  m e ta l c o n te n t  (G ibbs ^  1974)* These p re s e rv e d  sp e c ­
im ens had  h ig h e r  cadmium, c o p p e r , z in c ,  and som etim es l e a d ,  and  lo w er 
c o n c e n tr a t io n s  o f  m ercury  and som etim es l e a d ,  th a n  d id  u n p re se rv e d  f ro z e n  
f i s h .  M etal t a g s  ( i . e .  t i n )  were th e  su s p e c te d  cau se  o f  h ig h e r  maximum 
c o n c e n tr a t io n s  th a n  t h a t  c au se d  b y  th e  p r e s e r v a t i v e s .
W ith p a r t i c u l a r  r e f e r e n c e  t o  le a d  and m ercu ry , G ibbs e t  a l .
( 1974) found  t h a t  i n  sp e c im en s , w hich had  b een  p re s e rv e d  f o r  two t o  more 
th a n  e ig h ty - f iv e  y e a r s ,  l e a d  d id  n o t a p p e a r  t o  in c r e a s e  a f t e r  a  month 
i n  p r e s e r v a t iv e ;  m ercu ry  in c r e a s e d  f o r  a t  l e a s t  t h i r t e e n  y e a r s .  An 
a n o m alo u s ly  h ig h  le a d  c o n te n t  t h a t  was found  i n  th e  two o ld e s t  sam ples 
was a t t r i b u t e d  t o  th e  f a c t  t h a t  th e  o ld  specim ens w ere f ix e d  in  a lc o h o l .  
A lcoho l d id  n o t h a rd e n  th e  t i s s u e  t o  th e  e x te n t  t h a t  fo rm a lin  d id ,  
t h e r e f o r e  a  more co m p le te  d ig e s t i o n  o f  th e  sam ple o c c u rre d  b e fo re  a n a l ­
y s i s  b y  th e  AAS.
I n  th e  p r e s e n t  s tu d y ,  th e  r e c e n t  and  o ld  museum specim ens w ere 
h a rd e n ed  in  f o rm a l in ,  s u b s e q u e n tly  r i n s e d  in  w a te r ,  and p re s e rv e d  in  
a lc o h o l .  Aluminum ta g s  w ere u se d  w ith  th e  o ld  sp e c im en s . The a n a ly s e s
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o f  th e  r e c e n t  specim ens w ere perfo rm ed  a p p ro x im a te ly  22 months a f t e r  th e  
c o l l e c t i o n s  w ere m ade. The specim ens w ere m easured  f o r  t h e i r  w et w e ig h ts ,  
and  th o ro u g h ly  a i r —d r ie d  b e fo r e  a n a ly s e s .  The e x p lo s iv e  n a tu re  was en­
h an ced  by  th e  p re se n c e  o f  p r e s e r v a t i v e s ,  and a lth o u g h  p re c a u t io n s  w ere 
ta k e n ,  one sam ple  was l o s t  (T ab le  3 .5 )*
The r e s u l t s  w ere com pared be tw een  p re s e rv e d  sam ples and u n p re ­
s e rv e d  f r o z e n  sa m p le s . The m ercury  c o n te n t  i n  th e  m usc les o f  th e  p re ­
s e rv e d  sn a k es  from  J e t t e  Lake d id  no t d i f f e r  t o  a  l a r g e  e x te n t  ; b u t  th e  
c o n te n t  o f  th e  p re s e rv e d  ju v e n i l e s ,  w hich w ere a n a ly z e d  in  e n t i r e t y ,  
from  Lake R ogers w ere q u i t e  d i f f e r e n t  (T ab le  3 . 5 ) .  The m ercury  concen­
t r a t i o n s  o f  sam ples from  J e t t e  Lake w ere l e s s  th a n  t h a t  o f  th e  two 
m uscle  sam p les from  u n p re s e rv e d  specim ens ( . 3 ,  .33  w/w ppm H g). The 
r e l a t i v e l y  low c o n c e n tr a t io n s  w ere a c c e p te d  t o  be c o r r e c t  i n  t h i s  c ase  
b e c a u se  o f  th e  p re s e n c e  o f  o th e r  sam p les w ith  c o n c e n tr a t io n s  o f  l e s s  
th a n  .1 0  w/w ppm and  th e  la c k  o f  an  obv ious in c rem en t o f  m ercury  i n  th e  
2 î - y e a r - o ld  sp ec im en .
The c o n c e n tr a t io n  i n  b o th  p re s e rv e d  ju v e n i le s  was q u e s t io n a b le ,  
b e c a u se  n e i t h e r  d is p la y e d  a  c o n s id e r a b ly  h ig h  d i f f e r e n t i a l  be tw een  t h e i r  
c o n te n t  and  t h a t  o f  th e  u n p re s e rv e d  a d u l t s  o f  th e  p o p u la t io n .  (The 
ju v e n i l e s  f ro n  McDonald R e s e rv o ir  and  F re d  B u rr  C reek w ere much h ig h e r  
i n  c o n c e n tr a t io n  o f  m ercury  th a n  th e  a d u l t  sp e c im e n s .)  The f a c t  t h a t  
th e  1949 sp ec im en , in  t h i s  c a s e ,  had  a  g r e a t e r  c o n c e n tr a t io n ,  w hich was 
n o t t o  be  e x p e c te d  from  an  u n p o l lu te d  e r a ,  was p ro b a b ly  due t o  th e  
phenomenon o f  c o n c e n tr a t io n  o b se rv ed  by  G ibbs e t  (1974)*
The low c o n c e n tr a t io n s  o f  th e  two r a n id s  m ust be  lo o k ed  upon w ith  
some s k e p t ic is m , a l s o .  At b o th  s i t e s ,  e s p e c i a l l y  Sm ith  L ake, u n n a tu r a l
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s o u rc e s  f o r  m ercury  w ere  p r e s e n t  from  m an 's  r e c r e a t io n a l  a c t i v i t i e s .  And, 
b e c a u se  th e  f r o g s  a t  F re d  B u rr  d e m o n s tra te d  a  ten d e n cy  t o  c o n c e n tr a te  
m erc u ry , t h e s e  f ro g s  w ere e x p e c te d  t o  be  h ig h e r  th a n  th e  sn ak es  from  th e  
c o rre s p o n d in g  s i t e s .  The o n ly  c o n s i s t e n t  c o r o l l a r y  was th e  f a c t  t h a t  Kud 
Lake had  c o n c e n tr a t io n s  o f  m ercury  in  th e  u n p re se rv e d  sn a k es  r a n g in g  
from  .0 1 - ,1 1  w/w ppm Hg, and  th e  c o n c e n tr a t io n  o f  th e  f r o g  w ould be  p re ­
d i c t e d  a s  on th e  lo w er end o f  th e  s tra tu m  a l s o .
I n  th e  le a d  a n a ly s e s ,  t h e  two specim ens from  J e t t e  Lake ( c i r c a  
1949— .25  w/w ppm; c i r c a  1974— *30 w/w ppm) w ere c o n s id e ra b ly  g r e a t e r  
i n  c o n c e n tr a t io n  th a n  th e  u n p re s e rv e d  f ro z e n  specim ens ( .0 2 ,  and .0 ?  w/w 
ppm ). The e f f e c t  o f  tim e  i n  th e  p r e s e r v a t iv e s  was n o t obv ious b e tw een  
1949 and 1974 sp e c im e n s . The ran g e  i n  th e  d i f f e r e n c e  be tw een  th e  p re ­
s e rv e d  and  u n p re se rv e d  specim ens was in e x p la in a b le .
The ju v e n i le  from  Lake R ogers was r e l a t i v e l y  h ig h  in  i t s  body 
c o n te n t  o f  le a d ,  .4 0  w/w ppm. I t  was h ig h e r  th a n  any  o f  th e  m uscle  o r  
l i v e r  r e a d in g s  o f th e  u n p re se rv e d  sn a k es  (T ab le  3 . 1 ) .  B ecause th e  o th e r  
sam ple frcwn 1949 was i r r e p a r a b l y  l o s t ,  no more t h e o r i z i n g  was done on 
ju v e n i l e s  from  Lake R o g e rs .
V a rio u s  i n t e r p r e t a t i o n s  from  t h i s  su rv e y  conveyed th e  f a c t  t h a t  
th e  v a l i d i t y  i n  th e  u se  o f  p re s e rv e d  specim ens was q u e s t io n a b le .  I f  a  
l a r g e r  u sa g e  o f  th e s e  specim ens was e n co u rag e d , a  b e t t e r  u n d e rs ta n d in g  
ab o u t t h e i r  u sag e  a s  a  r e s o u rc e  f o r  d a ta  on heavy  m e ta ls  would be ob­
t a i n e d .
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CHAPTER IV 
ECOLOGICAL ISOLATION MECHANISMS 
INTRODUCTION
Many a s p e c ts  o f  th e  e co lo g y  o f  T . s i r t a l i s  p a r i e t a l i s  and  T . 
e le g a n s  v a g ra n s  have c au se d  th e  c o e x is te n c e  o f  th e s e  s p e c ie s  i n  th e  same 
h a b i t a t*  The s e l e c t i o n  o f  s p e c i f i c  p re y  and th e  to le r a n c e  t o  am bien t 
te m p e ra tu re  l e v e l s  have b e e n  th e  m echanism s t h a t  d e m o n s tra te d  tw o f a c e t s  
o f  e c o lo g ic a l  i s o l a t i o n  i n  o th e r  symp a t r i e  p o p u la t io n s  o f  Thamnophis 
(C a rp e n te r  1952» F le h a r ty  196?)* These two c a te g o r ie s  w ere u se d  t o  d i s ­
p la y  d i f f e r e n c e s  be tw een  th e  r e d - s id e d  and  w an d erin g  g a r t e r  sn ak es  i n  
t h i s  s tu d y *  S p e c i f i c  c o l l e c t i o n  s i t e s  w ere ch o sen  t o  i n v e s t i g a t e  th e  
i n t e r s p e c i f i c  c o m p e ti t io n ;  th e s e  s i t e s  w ere ch o sen  from  a  p re l im in a ry  
su rv e y  t h a t  was done i n  th e  e a r l y  summer o f  1974* The s i t e s  w ere th e  
fo l lo w in g :  Woods Pond, J e t t e  Fond, J e t t e  L ake, Mud L ake, Sm ith  L ake,
and Lake R ogers *
The s e l e c t i o n  o f  fo o d  ite m s by each  s p e c ie s  was b a se d  on sam ples 
w hich w ere p ro c u re d  i n  th e  f i e l d *  Each snake was exam ined f o r  i t s  
stom ach c o n te n t  i n  o r d e r  t o  o b ta in  th e  fre q u e n c y  o f  o c cu rren c e  o f  s p e c i f i c  
fo o d  ty p e s*  The sn a k e s  w ere fo r c e d  t o  r e g u r g i t a t e  t h e i r  stom ach c o n te n ts  
by  a  m anual m ethod o f  p a l p i t a t i o n .  T h is  m ethod h a s  b een  u se d  i n  o th e r  
e c o lo g ic a l  s t u d i e s  (C a rp e n te r  1952, G regory  and  S te w a rt 1975)» and  in  
t h i s  s tu d y ,  c a re  was ta k e n  in  p a r t i c u l a r  w ith  g a r t e r  sn a k e s , w hich  e i t h e r  
w ere  g r a v id  o r  had  sw allow ed  a  l a r g e  fo o d  item *
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I n  th e  a n a ly s i s  o f  te m p e ra tu re  r e l a t i o n s h i p s ,  th r e e  p a ra m e te rs  
w ere m easu red . T hese w ere th e  c lo a c a l  te m p e ra tu re  o f  th e  sn a k e , th e  sub­
s t r a t e  on w hich i t  was fo u n d , and th e  a i r  te m p e ra tu re .  C lo a c a l tem p era ­
t u r e s  have  b e e n  found  t o  d e m o n s tra te  a  d i r e c t  r e l a t i o n s h i p  t o  th e  g round 
te m p e r a tu re s ,  w h ich , i n  t u r n ,  w ere a f f e c t e d  by  th e  a i r  te m p e r a tu re s .  I n  
o r d e r  t o  p re v e n t th e  f a l s e  r e a d in g  o f  c lo a c a l  te m p e ra tu re s ,  w hich was ob­
s e rv e d  t o  o c cu r by  h a n d lin g  a  snake  f o r  a  d u r a t io n  o f  t im e , and th e re b y  
r a i s i n g  i t s  te m p e ra tu re  (B e n e d ic t 1932 ), th e s e  te m p e ra tu re s  were re c o rd e d  
im m e d ia te ly  upon c a p tu r e .  An a n e ro id  b a ro m e te r  was u se d  a s  a  supp lem en t­
a r y  in s tru m e n t  t o  a n a ly z e  th e  p re se n c e  o r  ab sen ce  o f  s p e c i f i c  a c t i v i t i e s  
o f  th e  s n a k e s ,  u n d e r  p r e v a i l i n g  w e a th e r  c o n d i t io n s .
The a n a ly s e s  and r e s u l t s  o f  th e  s tu d y  o f  th e  two f a c e t s  o f  g a r t e r  
sn ak e  e co lo g y  have b e en  t r e a t e d  in  th e  fo l lo w in g  o r d e r :  ( l )  fo o d  s tu d y ,
and ( 2 ) te m p e ra tu re  r e l a t i o n s h i p s .  T a b le s  have b e en  in c lu d e d  w ith  th e  
d is c u s s io n  o f  each  s i t e  c o n c e rn in g  fo o d  i te m s ;  and i n  th e  c o n c lu s io n , a  
su p p le m e n ta ry  t a b l e  a s  w e ll  a s  th o s e  c o n s id e r in g  th e  s p e c ie s  a s  a  w hole 
have  b e e n  c o n s t r u c te d .  I n  th e  te m p e ra tu re  s e c t i o n ,  one t a b l e  w ith  tem ­
p e r a tu r e  and  b a ro m e tr ic  m easu rem en ts , in d iv id u a l  s i t e  g ra p h s , and  a  
g rap h  c o n c e rn in g  each  s p e c ie s  a s  a  w hole have b een  in c o rp o ra te d  w ith  th e  
d i s c u s s io n .
WOODS POND
T w e n ty - e i^ t  r e d - s id e d  g a r t e r  sn a k e s  and  two w an d erin g  g a r t e r  
sn a k es  w ere exam ined i n  th e  f i e l d  f o r  stom ach c o n te n t .  W andering g a r t e r  
sn a k es  w ere se e n  on th e  f i r s t  v i s i t  t o  th e  s i t e ,  and  b o th  had  em pty stom ­
a c h s .  C o n se q u e n tly , t h e  p e r io d ic  f e e d in g  o f  th e  o th e r  s p e c ie s  was
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s t u d i e d ,  a l t h o u ^  o n ly  se v e n  (25  p e rc e n t)  o f  th e s e  sn a k es  t h a t  w ere cap ­
t u r e d  h ad  e a te n  any  p re y  d u r in g  th e  summer. (S easo n s  o f  th e  summer w ere 
a r b i t r a r i l y  b ro k en  i n to  th r e e  c a t e g o r i e s :  e a r l y  summer (Ju n e  2 2 -J u ly  2 2 ) ,
mid-summer ( J u ly  22-A ugust 2 2 ) ,  and  l a t e  summer (A ugust 22-Septem ber 2 3 ) . )
I n  th e  e a r l y  summer, f i v e  sn a k e s  w ere found  i n  th e  p ro c e s s  o f  
e c d y s i s .  A ll  had  em pty stom achs and  w ere em erg ing  from  th e  same b ru sh y  
a r e a .  I t  was co n c lu d ed  t h a t  t h i s  a r e a  was a  h ib e rn a c u lu m , and t h a t  th e  
sn a k es  h ad  n o t y e t  begun  t o  f e e d .  A c o r r e l a t i o n  o f  em p tin ess  i n  th e  
s to m ach , e c d y s i s ,  and  a  s i m i l a r  so u rc e  o f  em ergence was n o ted  o n ly  a t  
t h i s  s i t e .
L eeches (E rp o b d e lla  p u n c ta ta ) o c c a s io n a l ly  w ere e a te n  in  th e  sum­
m er; th e  m etam orphosing  lo n g - to e d  sa lam an d e rs  ( Ambystoma m acrodacty lum ) 
w ere  th e  fo o d  ite m s  w hich w ere e a te n  b y  th e  g r e a t e s t  number o f  sn a k es  i n  
m id-sum m er. T hree o f  th e  la r v a e  w ere e a te n  by  a  ju v e n i le  sn a k e . The 
o th e r  r e s o u rc e  was th e  earthw orm  ( Lum bricus s jg . ) , w hich was consumed by 
a  ju v e n i le  (T ab le  4 * 1 )•
I n  th e  s tu d y  o f  e c o lo g y , a  p r e d a to r  s p e c ie s  t h a t  was n o t sub­
j e c te d  to  c o m p e ti t io n  became a  g e n e r a l i s t  ( i . e .  i t  h ad  a  wide ran g e  o f  
fo o d  t y p e s ) .  At t h i s  s i t e ,  i n t e r s p e c i f i c  c o m p e ti t io n  was n o t o b se rv e d ; 
b u t th e  e x p e c te d  b ro a d  u t i l i z a t i o n  o f  food  re s o u rc e s  was no t n o t ic e d .
The u t i l i z a t i o n  o f  o th e r  fo o d s  ( i . e .  f r o g s ,  r o d e n ts ,  b i r d s ,  s l u g s ,  e t  
c e t e r a ) was n o t d is c o v e re d .  T h e re fo re ,  th e  c o n c lu s io n  t h a t  s e v e r a l  mem­
b e r s  o f  th e  p o p u la t io n  had  m ig ra te d  e lse w h e re  f o r  fo o d  was made b e c a u se  
o f  t h i s  low d i v e r s i t y .  The c e n su s  t h a t  was co n d u c ted  on th e  r e s i d e n t  
p o p u la t io n  and  was r e p o r te d  i n  th e  fo l lo w in g  c h a p te r  r e a f f irm e d  t h i s  
c o n c lu s io n .
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T ab le  4»1— C o r r e la t io n  o f  P rey  Item s o f  Thamnophis 
and S p e c i f i c  H a b i ta ts
(Woods Pond I Mud L ake, and Sm ith Lake)
)U
S i t e S p e c i e s Number o f  I n d i v i d u a l s
S n o u t - V e n t  
S i z e  Range 
(cm )
P r e y  I t e m s
Woods Pond T . 8 . p a r i e t a l i s 2 3 7 .7 -5 3 .6 E r p o b d e l l a
p u n c t a t a
A 2 6 .9 -5 4 .6 Ambystema
m a c ro d a c ty lu m
1 18.5 L u m b ric u s  s p .
Mud Lake T . £ • v a g ra n s 2 4 8 .3 -4 8 .9 Salm o s p .
11 2 7 . 4- 5 6 .9 P ro p h y s a o n  s p .
1 6 0 .0 R ana  p r e t i o s a
Sm ith  Lake T. e . v a g ra n s 1 29 .4 R i c h a r d s o n i u s
b a i t e a t u s
1 48 .1 H aem opis  g r a n d i s
1 4 8 .3 H . g r a n d i s  a n d
R ana p i p i e n s
3 2 4 . 7- 55 .3 B u fo  b o r e a s
T . s . p a r i e t a l i s 2 4 1 . 8- 53.1 R . p i p i e n s  a n d
B .  b o r e a s
1 4 4 .3 H . g r a n d i s  a n d
B . b o r e a s
3 4 8 . 5- 6 4 .7 B . b o r e a s
1 4 4 .8 a m p h ib i a n  p a r t s
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No s i g n i f i c a n t  d i f f e r e n c e  i n  d i e t  was n o te d  in  th e  d i e t s  o f  th e  
j u v e n i l e s  and  a d u l t s .
MUD LAKE
N in e te e n  w an d erin g  g a r t e r  sn a k es  w ere exam ined; I4 (74  p e rc e n t)  
h ad  fo o d  i n  t h e i r  s to m a c h s . No r e d - s id e d  g a r t e r  sn a k es  w ere s ig h te d  a t  
th e  s tre a m  o r  l a k e ;  t h i s  s i t e  was com parab le  t o  Woods Pond i n  th e  s c a r c i t y  
o f  th e  seco n d  s p e c i e s .  T hree  fo o d  re s o u rc e s  w ere e x p lo i te d  a s  i n  th e  
above c a s e ,  a l t h o u ^  th e s e  sn a k es  w ere more s e l e c t i v e  (T ab le  4*1)* E lev en  
o f  th e  sn a k e s  t h a t  had  e a te n  c o n ta in e d  th e  s lu g ,  P rophysaon s p . The s lu g s  
t y p i c a l l y  w ere e a te n  i n  q u a n t i t y ;  t h r e e  in d iv id u a ls  had  two o r  l e s s ,  and  
e i ^ t  ran g e d  from  5” 39 s lu g s  e a c h . No s i z e  c o r r e l a t i o n  was n o te d ;  l a r g e  
and sm a ll i n d iv id u a l s  a t e  t h i s  fo o d  r e s o u r c e .
The sn a k es  w ere found  u n d e r th e  same lo g s  a s  th e  s l u g s .  T hus, 
th e  p o s s i b i l i t y  t h a t  th e  g a r t e r  sn a k es  w ere o p p o r tu n is t i c  a l s o  e x i s t e d .  
T h is  a d v a n ta g e  o f  h a v in g  fo o d  i n  su ch  c lo s e  p ro x im ity  c o u ld  have become 
a  s e l e c t i v e  p ro c e ss  by  t h i s  s p e c ie s  o v e r many g e n e r a t io n s .
Salm onids w ere e a te n  in  th e  e a r l y  summer. On one o c c a s io n , a t  
t h e  s o u th w e s te rn  end o f  th e  l a k e ,  a  la rg e  fem ale  sn a k e , w hich had  in g e s te d  
a  s p o t t e d  f r o g  from  th e  p o s t e r i o r  en d , was fo u n d . T h is  was u n u su a l be ­
cau se  s p o t te d  f ro g s  in h a b i te d  th e  a r e a  o f  th e  f r e s h w a te r  s p r in g ,  w hich 
was a  c o n s id e r a b le  d i s ta n c e  from  th e  s o u th w e s te rn  end o f  th e  l a k e .  The 
r a n i d ,  t h a t  was common i n  th e  la k e  p ro p e r ,  was th e  le o p a rd  f r o g .  L a rv a l 
form s w ere th e  u s u a l  am p h ib ian  so u rc e  consumed a t  o th e r  s i t e s .
The r e l a t i v e l y  sm a ll s i z e  o f  th e  p o p u la t io n  c o u ld  have p re v e n te d  
s p e c i a l i z a t i o n  t o  e x i s t  b e tw een  th e  a d u l t  and ju v e n i le  sn a k e s .
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SMITH LAKE
At t h i s  s i t e  f o u r  p rey  ite m s  w ere u t i l i z e d  by  b o th  s p e c ie s j  how­
e v e r ,  c o m b in a tio n s  o f  t h r e e  o f  th e s e  p re y  ite m s w ere common i n  b o th  s p e c ie s  
(T a b le  4*1)*  T hree (33 p e rc e n t)  o f  th e  T . e ,  v a g ra n s  w ere em pty, a s  w ere 
se v e n  (5 0  p e rc e n t)  o f  th e  T . p a r i e t a l i s » The m ost consumed p re y  i n  b o th
s p e c ie s  w ere  th e  new ly m etam orphosed t o a d l e t s  (B . b o r e a s ) ; one re d —s id e d  
g a r t e r  snake  was found  so  b lo a te d  t h a t  i t  was s u s p e c te d  o f  b e in g  g r a v id .  
H ow ever, upon e x a m in a tio n , i t  c o n ta in e d  38 t o a d l e t s .
B o th  s p e c ie s  o f  sn a k es  w ere r i p a r i a n  i n  t h e i r  f e e d in g  b e h a v io r ;
R* p ip ie n s  ta d p o le s  w ere e a te n  in  th e  e a r l y  and  mid-summer p e r io d s .  The 
l a r g e  l e e c h ,  H . g r a n d i s , was n o t a  m ajo r p a r t  o f  th e  d i e t ;  b u t  i t  was 
fo u n d  s in g l y  a s  w e ll  a s  w ith  o th e r  fo o d  item s in  th e  stom achs o f  b o th  
s p e c i e s .
The T . e .  v a g ra n s  d e m o n s tra te d  s p e c i a l i z a t i o n  i n  one re s o u rc e  
a r e a ;  a  s h in e r  ( R ic h a rd so n iu s  b a i t e a t u s ) was found  i n  one member o f  t h i s  
s p e c i e s .  At J e t t e  L ake, th e  s e l e c t i o n  o f  f i s h  by  t h i s  s p e c ie s  was most 
p ro n o u n ced . The o c c u rre n c e  o f  f i s h  i n  T . e .  v a g ra n s  and  i t s  ab sen c e  in  
T . s .  p a r i e t a l i s  a t  J e t t e  Lake and S m ith  L ake, and  i t s  consum ption  a t  Mud
L ake, i n d ic a te d  t h a t  t h i s  was a  p o t e n t i a l  r e s o u rc e  t h a t  c o u ld  be e x p lo i te d
by  th e  w an d erin g  g a r t e r  sn a k e , i f  th e  s p e c ie s  was p la c e d  u n d e r s t r e s s .
An a b sen c e  o f  th e  s l u g ,  D e ro c e ra s , from th e  d i e t  o f  e i t h e r  s p e c ie s
was o b se rv e d  a t  t h i s  s i t e .  The s lu g  was c o l l e c t e d  u n d e r lo g s ,  w hich had
s h e l t e r e d  g a r t e r  s n a k e s .  T h is  r e s o u rc e  was u se d  b y  th e  w andering  g a r t e r  
snake  a t  Mud Lake and  a t  Lake R ogers t o  a  l a r g e  d e g re e  ; how ever, i t  a l s o  
was e a te n  by  th e  r e d - s id e d  g a r t e r  sn ak e  a t  Lake R o g e rs .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
53
The fo o d  in g e s te d  by  b o th  s p e c ie s  was i n d ic a t i v e  o f  th e  same 
m ic r o h a b i t a t s ,  th e  r i p a r i a n  e n v iro n m e n t. T h is  r e g io n  was w e ll u se d  by 
a n g le r s  h u n t in g  f o r  earthw orm s and f r o g s ;  and th e  t e r r e s t r i a l  h a b i t a t  
( i . e .  a r e a s  w ith  t r e e s  and  b ru s h )  was more s e v e r e ly  d i s tu r b e d ,  on th e  
l e v e l  o f  th e  g a r t e r  s n a k e s , b y  v e h ic u la r  t r a f f i c  and c a t t l e .  The d eg ree  
t o  w hich  th e  d is tu r b a n c e s  a f f e c t e d  th e  r e p t i l i a n  u se  o f  th e  r i p a r i a n  
v e r s u s  th e  t e r r e s t r i a l  h a b i t a t  was d i f f i c u l t  t o  a s s e s s .
The e f f e c t  o f  th e  d is tu r b a n c e  on th e  s i z e  o f  th e  p o p u la t io n  a t  
t h i s  s i t e  w i l l  be  d is c u s s e d  i n  th e  fo l lo w in g  c h a p te r ;  i t  h as b e e n  sp e c ­
u l a t e d  t h a t  th e  a f te rm a th  o f  th e s e  d is tu rb a n c e s  h a s  b een  r e f l e c t e d  i n  th e  
fo o d  s e l e c t i v i t y  o f  th e  two s p e c i e s .  The d is tu rb a n c e s  c o u ld  have c r e a te d  
a n  a tm o sp h ere  i n  w hich b o th  s p e c ie s  w ere s c a rc e  enough in  numbers t h a t  
th e y  have e x i s t e d  w e ll  on th e  same d i e t  w ith o u t need o f  s p e c i a l i z a t i o n .
JETTE POND
T h ir ty - e ig h t  specim ens i n  t o t a l  w ere exam ined a t  t h i s  s i t e ;  i n  
T . s .  p a r i e t a l i s , f i v e  (2 7  p e rc e n t)  o f  th e  18 sn a k es  had  empty s to m ac h s . 
I n  th e  o th e r  s p e c i e s ,  s i x  (30  p e r c e n t )  o f  th e  20 sn a k e s  had n o t e a te n  r e ­
c e n t ly  a t  th e  tim e  o f  c a p tu r e .  S even  fo o d  ite m s  w ere consumed by  
T ham nophis, f o u r  o f  t h e s e  fo o d s  w ere common t o  b o th  s p e c ie s  (T ab le  4 - 2 ) .
A lthough  a  h ig h  p e rc e n ta g e  (31 p e rc e n t)  o f  T . s .  p a r i e t a l i s  w ith  
stom ach c o n te n ts  h ad  e a te n  th e  lo n g - to e d  sa la m a n d e r , t h i s  c a te g o ry  was 
c lo s e ly  fo llo w e d  i n  p e rc e n ta g e  (23  p e rc e n t)  by  two o th e r  i te m s , t o a d l e t s  
and  th e  sm a ll  le e c h  s p e c i e s .  T o a d le ts  w ere th e  o n ly  t e r r e s t r i a l  form  con­
sumed by  t h i s  s p e c i e s ,  and  th e  r e d - s id e d  g a r t e r  snake  had  a  w e l l-b a la n c e d  
d i e t  o f  a l l  fo u r  ty p e s  o f  am p h ib ian s t h a t  w ere p r e s e n t  a t  th e  s i t e .
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Table 4«2— C o rre la tio n  of Prey Item s of Thamnophis 
and S p e c if ic  H a b ita ts  
( J e t t e  Pond and J e t t e  Lake)
S ite Species Number of In d iv id u a ls
Snout—Vent 
S ize Range 
(cm)
Prey Items
J e t t e  Fond T. e* 2 28 .2 -31 .7 B. boreas
4 27 .6-36 .6 E. puncta ta
2 24 .3-29 .8 A. macrodactylum
1 38.3 Hyla r e g i l l a ,  E.
p u n c ta ta , A.
macrodactylum
1 47.7 E. p u n c ta ta , A.
macrodactylum,
H. g rand is
1 29.4 E. puncta ta  and
B. boreas
1 28.6 E. p u n c ta ta , H.
r e g i l l a  and s lu g
p a rts
1 45.4 E. p u n c ta ta , B.
b o reas , A.
macrodactylum
T. s . p a r i e t a l i s 3 17. 7- 23.1 B. boreas
3 21 . 8- 49.8 E. puncta ta
4 18. 8- 51.6 A. macrodactylum
1 30.9 H. r e g i l l a
1 28.6 R. p re tio sa
1 60.3 E. puncta ta  and
B. boreas
J e t t e  Lake T* vagrans 8 26. 8- 49.4 H. g rand is
3 20 . 7- 22.9 E. puncta ta
2 19. 5- 24.7 Deroceras sp .
6 23 . 2- 56.9 R. b a lte a tu s
1 25.1 B. boreas
T. 8 . p a r i e t a l i s 2 27 .4- 30.3 H. grand is
6 15. 2- 52.4 E. punc ta ta
2 22 . 2- 37.1 Lumbricus sp .
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The w an d erin g  g a r t e r  sn ak e  d is p la y e d  a  l a r g e  d i s t r i b u t i o n  o f  fo o d  
r e s o u r c e s  I a l s o .  H ow ever, th e  sm a ll  le e c h  was e a te n  in  th e  h i ^ i e s t  p e r­
c e n ta g e  (29  p e r c e n t ) ;  i t  was fo llo w e d  by  t o a d l e t s  and sa lam an d e rs  b o th  a t  
t h e  same p e rc e n ta g e  ( I4  p e r c e n t ) .  T h is  c o r r e l a t e d  w ith  th e  r e d - s id e d  
g a r t e r  sn ak e  w hich a l s o  p rey e d  m ost h e a v i ly  on th e s e  t h r e e  fo rm s .
T h is  f a c t  w ould have in d ic a te d  d i r e c t  c w n p e t i t io n ;  how ever, d a ta  
on th e  w an d erin g  g a r t e r  sn ak e  in d ic a te d  t h a t  a  e c o lo g ic a l  compromise was 
o c c u r r in g  on th e  p a r t  o f  t h i s  s p e c i e s .  I t  was becom ing a n  o p p o r tu n is t i c  
p r e d a to r ;  i t  a t e  t h e  m ost a v a i l a b l e  p re y  i te m s .  T h is  was d e m o n s tra te d  by 
th e  p re s e n c e  o f  f i v e  (36  p e rc e n t )  o f  th e s e  sn a k es  w ith  d i f f e r e n t  com bina­
t i o n s  o f  two o r  t h r e e  p re y  ite m s  (T ab le  4 * 2 ) . (O nly  one [8 p e r c e n t ]  o f  
th e  r e d - s id e d  g a r t e r  sn a k e s  had  e a te n  a  co m b in a tio n  o f  two p re y  i te m s .)
I n  tw o o f  th e  co m b in a tio n s  o f  th r e e  p re y  i te m s , food  r e s o u rc e s  
w ere p r e s e n t  t h a t  w ere a b s e n t i n  th e  r e d - s id e d  g a r t e r  snake (T ab le  4 » 2 ) . 
T hese two ite m s w ere two s lu g s  and  th e  l a r g e  le e c h ,  Haemopis g r a n d i s .
(The s lu g s  w ere r e p r e s e n te d  by th e  s h e l l s  o n ly  a n d , t h e r e f o r e ,  w ere no t 
c l a s s i f i e d  t o  s p e c i e s . )  The o c c u rre n c e  o f  th e s e  i n  two T . e »  v a g ra n s  
and  th e  o c c u rre n c e  o f  R . p r e t i o s a  i n  one T . s .  p a r i e t a l i s  in d ic a te d  t h a t  
s p e c i a l i z a t i o n  i n  h a b i t a t  n ic h e s  may a l s o  have o c c u r re d . The q u e s t io n a b le  
a s p e c t  o f  t h i s  phenomenon o f  s p e c i a l i z a t i o n  was t h a t  o n ly  a  sm a ll number 
o f  each  s p e c ie s  e x h ib i t e d  th e  s e l e c t  fo o d  i te m s .
The h i ^  p e rc e n ta g e  o f  am p h ib ian s i n  th e  c a te g o r i e s  o f  fo o d  ite m s 
o f  b o th  s p e c ie s  was a  p ro d u c t o f  th e  im m ediate e n v iro n m e n t. F i f t y - s e v e n  
p e rc e n t  o f  t h e  fo o d  c a t e g o r i e s  s e l e c t e d  by  w an d erin g  g a r t e r  sn a k es  w ere 
a m p h ib ian s ; and  80 p e rc e n t  w ere s e l e c t e d  by  th e  r e d - s id e d  g a r t e r  s n a k e . 
T h is  im m ediate  env ironm en t was u n u su a l i n  th e  f a c t  t h a t  i t  was a  b re e d in g
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s i t e  f o r  t r e e f r o g s ,  s a la m a n d e rs , to a d s ,  and  s p o t te d  f r o g s .  The p re se n c e  
o f  a d u l t  members o f  a l l  th e s e  am ph ib ians su g g e s te d  t h a t  th e s e  p o p u la t io n s  
o f  am p h ib ian s w ere s t a b l e .  T h e re fo re ,  th e  com bined e f f e c t  o f  c o n t in u a l  
p re s e n c e  o f  a m p h ib ia n s , and  th e  r e l a t i v e  sm a ll s i z e  o f  th e  pond (p erim ­
e t e r :  40  m e te rs )  w ere  in s t ru m e n ta l  i n  c a u s in g  th e  h ig h  fre q u e n c y  o f  th e s e
fo o d  r e s o u rc e s  i n  T ham nophis.
The s m a l le r  sn a k e s  o f  b o th  s p e c ie s  w ere s e l e c t i v e  in  th e  s i z e  o f  
p re y .  T o a d le t s ,  m etam orphosing  sa la m a n d e rs , and  th e  sm a ll le e c h  s p e c ie s  
w ere e a te n  i n  th e  r e d - s id e d  g a r t e r  s n a k e s , w ith  a  s n o u t-v e n t  ( s . v . )  
le n g th  o f  22 cm and  l e s s .  Fewer in d iv id u a ls  o f  th e  w an d erin g  g a r t e r  
sn ak e  s p e c ie s  w ere found  i n  th e  same s i z e  c a te g o ry ;  how ever, th o s e  t h a t  
w ere found  c o n ta in e d  m etam orphosing  sa lam an d e rs  and p la n t  m a t e r i a l .  The 
p la n t  m a te r i a l  m ust have b een  in g e s te d  in s t e a d  o f  th e  p rey  item  t h a t  had 
e sc a p e d .
The th r e e  fo o d  c a te g o r i e s  m en tioned  in  th e  p re c e d in g  p a ra g rap h  
w ere n o t u n iq u e  t o  j u v e n i l e s .  I n  f a c t ,  a  c o m b in a tio n  o f  two ty p e s  o f  
sm a ll p r e y ,  t o a d l e t s  and  sm a ll  le e c h  s p e c i e s ,  w ere p re s e n t  in  one in ­
d iv id u a l  o f  each  s p e c i e s .  The l a r g e r  sn a k e , 6 0 .3  cm in  s . v .  l e n g th ,  had 
se v en  t o a d l e t s  and one le e c h ;  th e  sm a ll sn a k e , 29»4 cm i n  s . v .  l e n g th ,  had  
one t o a d l e t  and tw o l e e c h e s .  T hus, th e  l a r g e  sn a k e , w hich had  a  l a r g e r  
c a p a c i ty ,  a t e  a  l a r g e r  q u a n t i t y  o f  th e  same p rey  i te m s . However, a  w ide 
ran g e  o f  s i z e s  o f  snaiie  w ere p r e s e n t  f o r  th o s e  t h a t  a t e  th e  o th e r  com bina­
t i o n s  o r  in d iv id u a l  fo o d s  (T a b le  4 * 2 ) .
T h e re fo re ,  t h e  c o e x is te n c e  o f  th e  two s p e c ie s  o f  sn a k es  was 
f e a s i b l e  i n  t h i s  en v iro n m en t r e g a r d l e s s  o f  th e  o v e r la p  o f  s p e c i f i c  fo o d  
ite m s  b e c a u se  o f  t h r e e  te n d e n c ie s  o f  fo o d  s e l e c t i v i t y :  1) th e  j u v e n i l e s
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a t e  sm a ll i te m s , 2) th e  r e d - s id e d  g a r t e r  sn ak es  a te  p re d o m in a n tly  amphib­
i a n s ,  and  3) th e  w an d erin g  g a r t e r  sn ak es  a te  a  l a r g e r  v a r i e t y  and com bina­
t i o n  o f  p re y  th a n  th e  r e d - s id e d  g a r t e r  sn a k e s .
JETTE LAKE
At t h i s  s i t e ,  s i x  fo o d  r e s o u rc e s  w ere u t i l i z e d  by th e  two s p e c ie s  
o f  g a r t e r  sn a k e s  ; two o f  th e s e  r e s o u rc e s  w ere common t o  b o th  s p e c ie s  
(T ab le  4 * 2 ) .  L ee ch e s , Haemopis and E rp o b d e l la , w ere found  i n  o v e r $0 p e r ­
c e n t o f  th e  in d iv id u a ls  w hich had  e a te n ;  a lth o u g h  in  th e  r e d - s id e d  g a r t e r  
s n a k e , th e  p e rc e n ta g e  (73 p e rc e n t)  was l a r g e r  th a n  th e  p e rc e n ta g e  (55 p e r­
c e n t)  i n  th e  w an d erin g  g a r t e r  sn a k e . The p e rc e n ta g e  o f  exam ined sn ak es  
w hich h ad  empty stom achs was c o in c id e n ta l ly  s i m i l a r ,  such  t h a t  50  p e rc e n t  
o f  th e  T . s .  p a r i e t a l i s  and  44 p e rc e n t  o f  th e  T . e .  v a g ra n s  w ere em pty.
T h is  h a b i t a t  was u n u s u a l ly  d i f f e r e n t  from  a l l  th e  o th e r  s i t e s  
w hich  T . 8 .  p a r i e t a l i s  in h a b i te d ;  t h e r e  was no u t i l i z a t i o n  by  th e  s p e c ie s  
o f  th e  a m p h ib ia n s , Rana p ip ie n s  and  Bufo b o r e a s . The f ro g s  w ere s c a t ­
t e r e d  a lo n g  th e  e n t i r e  s h o r e l in e ,  and a  p a r t i c u l a r  a g g re g a t io n  a t  th e  
n o r th e a s te r n  s id e  was lo c a te d  i n  th e  v i c i n i t y  o f  many f e l l e d  t r e e s .
T hese t r e e s  had h a rb o re d  a  l a r g e  p o r t io n  o f  th e  c a p tu re d  sn ak es o f  b o th  
s p e c i e s .  S im i la r ly ,  T . e .  v a g ra n s , w hich h as  n o t r e l i e d  h e a v i ly  on am­
p h ib ia n s ,  e x c e p t u n d e r th e  s p e c ia l  c irc u m s ta n c e s  a t  J e t t e  Pond, was no t 
o b se rv ed  t o  have e a te n  any r a n id s ;  and o n ly  one in d iv id u a l  was found 
w ith  a  t o a d l e t .
I t  was d i f f i c u l t  t o  u n d e rs ta n d  th e  ab sen ce  o f  am ph ib ians i n  th e  
d i e t  o f  T . s .  p a r i e t a l i s ; how ever, i t  was o b se rv ed  t h a t  th e  d i e t  o f  
T . 8 .  p a r i e t a l i s  was m ark ed ly  d i f f e r e n t  i n  em phasis th a n  T . e .  v a g ra n s .
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T h u s , i t  was th o u g h t t h a t  c o e x is te n c e  was p o s s ib le  b e ca u se  th e  re d —s id e d  
g a r t e r  sn ak e  a t e  p re d o m in a n tly  E rp o b d e l la , and  supp lem en ted  i t s  d i e t  w ith  
ea rth w o rm s, L um bricus. The sm a ll le e c h  s p e c ie s  d id  n o t have th e  same 
f re q u e n c y  o f  o c c u rre n c e  (15  p e rc e n t v e rs u s  55 p e rc e n t)  i n  th e  w an d erin g  
g a r t e r  snake  ; and  no earthw orm s o c c u rre d  in  fo o d  re s o u rc e s  u t i l i z e d  by  
t h i s  s p e c i e s .
Thamnophis e le g a n s  v a g ra n s  d is p la y e d  a  l a r g e r  v a r i e ty  o f  food  
i te m s , and  th e r e  w ere two n o t ic e a b le  a r e a s  o f  em phasis i n  th e  d i e t  (T ab le
4 » 2 ) . H aem opis, w hich  was common t o  b o th  s p e c i e s ,  had  a  h ig h e r  f re q u e n c y
o f  o c c u rre n c e  (4 0  p e rc e n t  v e rs u s  18 p e rc e n t)  i n  th e  w an d erin g  g a r t e r  
s n a k e { and  t h i s  fo o d  item  was fo llo w e d  c lo s e ly  i n  fre q u e n c y  ( 30 p e rc e n t)  
b y  th e  r e d - s id e d  s h i n e r ,  R ic h a rd so n iu s  b .  b a l t e a t u s .
The s l u g ,  D e ro c e ra s , and  a  t o a d l e t  w ere th e  two food  item s w hich 
a p p e a re d  t o  be  su p p le m e n ta ry  i n  th e  d i e t  o f  th e  w an d erin g  g a r t e r  sn a k e . 
A no ther v a lu e  o f th e  s lu g  was e v id e n t ,  how ever, b e ca u se  o n ly  ju v e n i le  
sn a k es  (u n d e r  25 cm i n  s n o u t-v e n t  le n g th )  w ere o b se rv ed  t o  consume t h i s  
p r e y .  Most o f  th e  ju v e n i le s  o f  th e  r e d - s id e d  g a r t e r  snalce w ere o b se rv ed  
t o  consume earth w o rm s. T h is  d iv e rg e n c e  among th e  fo o d  em phasis o f  ju v e ­
n i l e s  le s s e n e d  th e  c o m p e ti t io n  f o r  o th e r  sm a ll p re y  i te m s , such  a s  
E r p o b d e l la , w hich was a  fo o d  item  t h a t  was common t o  ju v e n i le s  and 
a d u l t s  o f  b o th  s p e c i e s .
The f a c t  t h a t  s i x  (30  p e rc e n t)  o f  th e  20 T . e .  v a g ra n s , w hich
c o n ta in e d  stom ach sa m p le s , c o n ta in e d  f i s h  in d ic a te d  a n  i n t e r e s t i n g  in ­
d i v i d u a l i s t i c  c h a r a c t e r  i n  t h i s  s p e c i e s .  I n  th e  two o th e r  s i t e s  a t  
w hich f i s h  w ere consum ed, t h e r e  was a  low er f re q u e n c y  o f  o c c u r re n c e :  
one (17  p e rc e n t)  o u t o f  s i x  sn a k es  w hich c o n ta in e d  stom ach  sam ples a t
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S m ith  Lake I and two ( I4 p e rc e n t )  o u t o f  I4  sn a k es  a t  Mud L ake. The 
p re s e n c e  o f  f i s h  i n  th e  d i e t  o f  a  p o p u la t io n ,  i n  w hich o n ly  T . je . v a g ra n s  
w ere fo u n d  a t  Mud Lake and  i n  th e  two sy m p a tr ic  s p e c ie s  a t  Sm ith and 
J e t t e  L ak e s , in d ic a te d  a  h a b i t a t  n ic h e  t h a t  was s p e c i f i c a l l y  u t i l i z e d  
b y  t h i s  s p e c ie s  r a t h e r  th a n  T . s .  p a r i e t a l i s . I t  may have s e rv e d  u l ­
t im a te ly  a s  a  p o t e n t i a l  r e s o u rc e  on w hich th e  s p e c ie s  c o u ld  r e l y ,  i f  
o th e r  fo o d s  w ere u n a v a i la b le .  I f  t h i s  a ssu m p tio n  was c o r r e c t ,  th e  h ig h  
f re q u e n c y  o f  u t i l i z a t i o n  o f  t h i s  fo o d  item  a t  t h i s  s i t e  was cau sed  pos­
s i b l y  by  a n o th e r  e n v iro n m e n ta l s t r e s s .
LAKE ROGERS
Lake R ogers c o n ta in e d  th e  l a r g e s t  sy m p a tr ic  p o p u la t io n  t h a t  was 
s t u d i e d .  B ecause  o f  t h i s  l a r g e  number o f  s n a k e s , i t  was an  e x c e l le n t  
s i t e  f o r  th e  s tu d y  o f  i n t e r s p e c i f i c  c o m p e ti t io n . E le v en  food  re s o u rc e s  
w ere u t i l i z e d  in  t o t a l  by  th e  two s p e c ie s  and  o n ly  f o u r  c a te g o r ie s  were 
common t o  each  s p e c i e s .  E ig h te e n  in d iv id u a ls  (53 p e rc e n t)  o f  th e  34 
r e d - s id e d  g a r t e r  sn a k es  d id  n o t c o n ta in  any fo o d ; 1? o f th e s e  sn a k es  
w ere found  i n  th e  e a r l y  summer p e r io d .
F i f t e e n  in d iv id u a ls  (31 p e rc e n t)  o f  th e  42 w an d erin g  g a r t e r  
sn a k es  h ad  empty s to m ac h s ; and s i m i l a r l y ,  th e  m a jo r i ty ,  13? o f  th e s e  
sn a k es  w ere cau g h t i n  th e  same p e r io d .
The fo o d  ite m s  o f  th e  two s p e c ie s  o v e rla p p e d  in  fo u r  c a t e g o r i e s ;  
t h e s e  w ere Haemopis g r a n d i s , E rp o b d e lla  p u n c ta ta , B ufo b o re a s  ( t o a d l e t s ) , 
and  D e ro ce ra s  (T ab le  4 . 3 ) .  I n g e s te d  Haemopis w ere o c c a s io n a l ly  accom­
p a n ie d  by  t h e i r  c o c o o n s . T h is  su g g e s te d  t h a t  th e  g a r t e r  sn ak es  h u n te d  
f o r  t h i s  fo o d  item  a t  th e  b re e d in g  s i t e  o f  th e  le e c h e s  a t  th e  n o r th e a s t
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S i t e S p e c ie s Number o f  I n d iv id u a ls
Snout—Vent 
S iz e  Range 
(cm)
Prey Item
Lake R ogers T . e .  v a g ra n s 9 16 . 8- 25.3 D ero ce ras  s p .
13 23 . 9- 5 4 .9 H. g ra n d is
1 3 2 .8 E . p u n c ta ta
1 31 .5 B . b o re a s  
^ t o a d l e t )
1 4 2 .7 Peroroyscus s p .
1 55 .3 S tu r n e l l a
n e g le c ta
T . 8 .  p a r i e t a l i s 1 4 9 .3 D eroceras s p .
4 2 0 . 8- 5 4 .4 H. g ra n d is
2 4 1 . 9- 4 9 .7 H. g ra n d is  and 
cocoons
1 4 7 .2 H. g ra n d is  and 
E . p u n c ta ta
2 21 . 0- 4 2 .3 B . b o re a s  
{ t o a d l e t )
1 5 2 .8 B . b o re a s  
{ ta d p o le s )
1 18.5 E . p u n c ta ta
1 4 7 .5 R. p ip ie n s  
{ ta d p o le )
1 23.6 R. p r e t i o s a
T b o L s l  -
1 55 .5 M icro tu s s p .
1 44 .1 S p iz e l l a  s p .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
s e c t o r  o f  th e  la k e  ; how ever, th e y  p re d o m in a n tly  h u n ted  a lo n g  th e  e n t i r e  
s h o re l in e *  Haemopis was th e  m ain p re y  f o r  T . s i r t a l i s  p a r i e t a l i s  and 
T . e le g a n s  v a g ra n s  and was in g e s te d  th ro u g h o u t th e  summer ; th e  p e rc e n ta g e  
o f  th e  sn a k e s  w hich had  in g e s te d  t h i s  food  f o r  each  s p e c ie s  was re s p e c ­
t i v e l y ,  43 p e rc e n t  and  55 p e r c e n t .
The la r g e  s p e c ie s  o f  le e c h  was more p r o l i f i c  i n  th e  la k e  th a n  
th e  s m a l le r  s p e c i e s ,  E rp o b d e lla  p u n c ta tu m , w hich was a l s o  l e s s  c o n sp ic ­
uous i n  th e  w a te r .  C o n se q u e n tly , th e  sn ak es  t h a t  w ere o b se rv ed  t o  be 
s e a r c h in g  f o r  fo o d  a lo n g  th e  w a te r ’ s  edge p ro b a b ly  s e l e c te d  th e  l a r g e r  
p re y  b e c a u se  o f  th e  p ro x im ity  o f  th e  l a r g e  le e c h  r a t h e r  th a n  b e ca u se  o f 
d i e t  p r e f e r e n c e .
An i n t e r e s t i n g  o b s e rv a t io n  a b o u t th e  B . b o re a s  t h a t  w ere in ­
g e s te d  and  th e  s l u g s ,  D e ro c e ra s , in d ic a te d  a  d iv e rg e n c e  o f  h a b i t a t  u se  
by  th e  two s p e c i e s .  A ll  l i f e  h i s t o r y  s ta g e s  o f  fo o d s w ere p re s e n t  a t  
th e  s i t e ,  and  b o th  s p e c ie s  a t e  th e  new ly m etam orphosed t o a d l e t s ;  how ever, 
o n ly  i n  th e  r e d - s id e d  g a r t e r  sn ak e  d id  th e  in g e s t io n  o f  ta d p o le s  o f  th e  
b o r e a l  to a d  o c c u r .  The s lu g ,  w hich was a  t e r r e s t r i a l  fo o d , was more 
commonly e a te n  by th e  w an d erin g  g a r t e r  sn a k e .
These d i f f e r e n c e s  su g g e s te d  t h a t  th e  two sn ak es  d id  e a t  th e  same 
ite m s  b u t  t h a t  th e  r e d - s id e d  g a r t e r  snake  e x te n d ed  i t s  food  h a b i t a t  
ran g e  i n t o  th e  a q u a t ic  re a lm . T h is  was r e a f f i rm e d  by th e  in g e s t io n  o f 
ta d p o le s  and  a d u l t  form s o f  b o th  s p e c ie s  o f  r a n id s  in  th e  r e d - s id e d  
g a r t e r  s n a k e s .
B oth  s p e c ie s  o f  g a r t e r  snake  had  e a te n  d i f f e r e n t  s p e c ie s  o f  
ro d e n ts  an d  b i r d s .  The o c c u rre n c e  i n  each  s p e c ie s  o f  th e  same ty p e s ,  
b u t  d i f f e r e n t  s p e c i e s ,  o f  p re y  was c o n s id e re d  t o  be i n c i d e n t a l .  R o d e n ts ,
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M ic ro tu s  and  P erom yscus, w ere in g e s te d  i n  th e  e a r ly  and l a t e  summer 
p e r io d s ;  th e  f r i n g i l l i d s ,  sp arro w  and  m eadow lark, w ere found  in g e s te d ,  
c o r re s p o n d in g ly ,  by  th e  r e d - s id e d  g a r t e r  snake  and w an d erin g  g a r t e r  
snake  on A ugust 3» 1974*
T h is  i n c lu s io n  o f  b i r d s  among th e  ty p e  o f  p re y  o f  th e s e  snedces 
i n d ic a t e d  a  s e a s o n a l  change in  d i e t • I t  was o b se rv ed  t h a t  th e  amphib­
i a n s ,  a q u a t ic  and  t e r r e s t r i a l ,  became l e s s  ab u n d an t, and t h a t  young 
b i r d s ,  4 -6  cm i n  l e n g th ,  w ere more abundan t in  l a t e  summer. These 
s e a s o n a l  f l u c t u a t i o n s  i n  ty p e s  o f  p re y  and  th e  f a c t  t h a t  C a rp e n te r  (1952) 
o b se rv e d  t h a t  d u r in g  J u ly  and  A ugust g a r t e r  sn a k es  e x h ib i te d  t h e i r  
g r e a t e s t  a r b o r e a l  te n d e n c ie s  p ro b a b ly  a t t r i b u t e d  t o  th e  in g e s t io n  o f  th e  
b i r d s .  How ever, i t  was d i f f i c u l t  t o  a s c e r t a i n  w h e th e r o r n o t b ro a d e n in g  
th e  ra n g e  o f  th e  a v a i l a b l e  fo o d  r e s o u r c e s  w ould o c cu r i n  o n ly  th e  l a r g e  
a d u l t  sn a k e s  ( i . e .  w ith  s n o u t-v e n t  le n g th s  44 cm and o v e r)  b ecau se  
Haemopis and  D ero ce ras  c o n tin u e d  t o  be e a te n  i n  l a t e  summer by  o th e r  
a d u l t s  ( i . e .  w ith  s n o u t-v e n t  le n g th s  o f  35 cm and o v e r ) .
The food  s e l e c t i v i t y  by th e  snake  s p e c ie s  in d ic a te d  d i f f e r e n t  
d e p e n d e n c ie s  upon th e  same h a b i t a t  n ic h e s .  A lthough th e  r e d - s id e d  g a r t e r  
sn ak e  a t e  members o f  th e  t e r r e s t r i a l  n ic h e  o f  th e  w andering  g a r t e r  sn a k e , 
69 p e rc e n t  o f  th e  fo o d  ite m s  w ere from  th e  r i p a r i a n  and  a q u a t ic  n ic h e s .  
The T . e le g a n s  a t e  no a q u a t ic  a m p h ib ia n s , and o n ly  one in d iv id u a l  had  
e a te n  a  t o a d l e t ;  how ever, 62 p e rc e n t  o f  th e  fo o d  ite m s ( le e c h e s )  a l s o  
came from  th e  r i p a r i a n  n ic h e  (T a b le  4 * 3 ) .
T h is  f a c t  seem ed t o  d e m o n s tra te  t h a t  T . s i r t a l i s  was a  s p e c i a l ­
i s t  i n  th e  a q u a t ic  sy s tem s and had  a  b ro a d  ran g e  w i th in  t h a t  sy s te m . T . 
e le g a n s , c o n t r a s t i n g l y ,  was a  g e n e r a l i s t ,  w hich depended  on th e  a q u a t ic
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and t e r r e s t r i a l  sy s te m s , even  though  th e r e  was an ob v io u s c o n t in u a l  de­
pendence on th e  l a r g e  l e e c h ,  Haemopis g r a n d i s .
A no ther s e l e c t i o n  was o b se rv ed  among ju v e n i l e s ,  a p p ro x im a te ly  b e ­
tw een  17-25 cm. T hese sm a ll in d iv id u a ls  c o n s i s t e n t l y  had  th e  s m a lle r  
p re y  i te m s ;  T . s i r t a l i s  a t e  a  sm a ll s p o t te d  f r o g ,  th e  sm a ll le e c h  
(E rp o b d e lla  p u n c ta ta ) , and  t o a d l e t s ;  T . e le g a n s  a t e  s l u g s ,  sm a ll l e e c h e s ,  
and  t o a d l e t s .  The la r g e  le e c h ,  H aem opis, was th e  m utual c a te g o ry  u se d  by 
ju v e n i le s  and  a d u l t s  o f  T . e le g a n s ; and  in  T . s i r t a l i s , Haemopis and  B . 
b o re a s  t o a d l e t s  w ere m u tu a lly  e a te n  (T a b le  4»3)*
I n  r e s p e c t  t o  H aem opis, th e  ju v e n i le  sn a k es  c o n ta in e d  sm a ll ones 
( 1 .0  cm i n  s i z e ) ;  th e  a d u l t s  g e n e r a l ly  c o n ta in e d  a  ran g e  o f  s i z e s ,
4 .0 - 8 .0  cm. T hus, th e  fo o d  s e l e c t i o n  by  th e  sm a ll and  la r g e  sn a k es  was 
c o r r e l a t e d  p a r t i a l l y  w ith  s i z e  o f  th e  p r e d a to r .  In  th e  ca se  o f  t o a d l e t s  
( 2 .0 - 2 .5  cm ), t h i s  s i z e  c o r r e l a t i o n  was n o t o b se rv ed  b ecau se  th e  new ly 
m etam orphosed to a d s  w ere r e a d i l y  a b u n d a n t.
CONCLUSION
I n  th e  a r e a  o f  fo o d  s e l e c t i v i t y  th e  p o p u la t io n s  a t  each  s i t e  
d e m o n s tra te d  a  u n iq u e n e s s , w hich was th e  r e s u l t  o f  th e  p a r t i c u l a r  en­
v iro n m e n ta l  s t r e s s e s  p la c e d  upon th e  s p e c i f i c  p o p u la t io n s .  However, i n  
th e  sa m p lin g  o f  each  p o p u la t io n ,  a  c o n s ta n t  s i m i l a r i t y  p r e v a i le d ;  a  c e r ­
t a i n  p e rc e n ta g e  o f  th e  in d iv id u a ls  o f  each  p o p u la t io n  had empty s to m ac h s . 
I n  o th e r  s t u d i e s ,  th e  o c c u rre n c e  o f  a  h ig h  p e rc e n ta g e  o f  Thamnophis 
w i th in  a  p o p u la t io n  w ith o u t any stom ach c o n te n ts  was c o n s id e re d  common 
(C a rp e n te r  1952, F o u q u e tt 1954, G regory  and  S te w a rt 1975)*
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Two f a c t o r s  have  b een  su g g e s te d  a s  th e  c a u se s  o f  t h i s  e f f e c t .  
F o u q u e tte  (1954) a t t r i b u t e d  th e  phenomenon t o  th e  f a c t  t h a t  th e  sn a k es  
m ost l i k e l y  t o  be  c a u ^ t  w ere th o s e  fo r a g in g  f o r  fo o d . G regory  ( 1973) 
i n d ic a te d  t h a t  c l im a te  a f f e c t e d  th e  a c t i v i t y  c y c le  o f  th e  p o p u la t io n  o f 
Tham nophis s i r t a l i s  p a r i e t a l i s  i n  th e  I n t e r l a k e  r e g io n  o f M anitoba 
(5 0 °5 0 'N , 97°30 'W ).
I n  M anitoba I w hich was c lo s e  t o  th e  n o r th e rn  l i m i t  o f  th e  ran g e  
o f  th e  r e d - s id e d  g a r t e r  sn a k e , s i x  m onths w ere sp e n t i n  th e  h ib e rn a c u lu m . 
D uring  th e  re m a in in g  p a r t  o f  th e  y e a r ,  o n e -a n d -a -h a lf  months each  s p r in g  
and  autum n w ere sp e n t i n  an a c t iv e  n o n -fe e d in g  s t a t e  a t  th e  h ib e rn a c u lu m . 
I h i s  was p h y s io lo g ic a l ly  c o n n ec te d  w ith  th e  m a tin g  o f  th e  sn ak es (G rego ry  
1 9 7 3 ). The s i g n i f i c a n t  m onths f o r  f e e d in g  w ere Ju n e , J u ly ,  and A ugust; 
i t  was m ost in te n s e  i n  e a r l y  and mid-summer (G regory  and S te w a rt 1975)»
A co m p ariso n  o f  th e  f e e d in g  a c t i v i t y  o f  th e  sn ak es  d u r in g  th e  
e a r l y ,  m id , and l a t e  summer se a so n  was made betw een  th e  s i x  s i t e s  in  t h i s  
s tu d y  (T a b le  4 * 4 )• The e a r ly  summer p e r io d  (Ju n e  2 2 -Ju ly  22) was th e  
tim e  o f  th e  g r e a t e s t  o c c u rre n c e  o f  empty stom achs i n  th e  g a r t e r  s n a k e s .  
The ran g e  i n  th e  p e rc e n ta g e s  o f  th e  p o p u la t io n s  w ith o u t any stom ach con­
t e n t  was from  a  low o f  25 p e rc e n t  i n  th e  w an d erin g  g a r t e r  sn ak es a t  Mud 
Lake t o  a  h i ^  o f  66 p e rc e n t  i n  th e  r e d - s id e d  g a r t e r  snalces a t  Woods 
Pond. The fo l lo w in g  w ere th e  s p e c i f i c  p e rc e n ta g e s ,  in  e a r ly  summer, in  
each  s p e c ie s  a t  each  s i t e :  Woods Pond, T . s .  p a r i e t a l i s , 88 p e r c e n t ;
Mud L ake, T . e .  v a g ra n s , 25 p e r c e n t ;  Sm ith  Lal:e, T . s .  p a r i e t a l i s , 75 
p e r c e n t ,  T . e .  v a g ra n s , 40 p e r c e n t ;  J e t t e  Pond, T . s ,  p a r i e t a l i s , 25 
p e r c e n t ,  T . _e. v a g ra n s , 40  p e r c e n t ;  J e t t e  L ake, T . s ,  p a r i e t a l i s , 43
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T ab le  4*4—-S easonal O ccurrence o f  Food Item s in  Thamnophis
T . s .  p a r i e t a l i s T . e .  v a g ra n s
S i t e S eason No. Empty No. o f  I n d iv id u a ls No. Empty No. o f  I n d iv id u a lsStom achs w/Stom ach C o n ten ts  
A d u lts  J u v e n i le s
S t omachs w/Stomach C o n ten ts  
A d u lts  J u v e n i le s
E a r ly
Summer 15 2 0 3 0 0
Woods Pond M id-Summer 4 3 1 0 0 0
l a t e O 0 r\ 0 0Summer d. 1 V
E a r ly
Summer 0 0 0 4 8 4
Mud Lake M id-Summer 0 0 0 0 1 0
L ate
Summer 0 0 0 1 1 0
Smith Lake
E a r ly
Summer 6 2 0 2 2 1
M id-
Summer 1 5 0 0 2 1
E a r ly
Summer 2 2 4 4
1 5
J e t t e  Pond M id-Summer 3 0 2 1 3 3
L ate
Summer 0 3 2 1
1 1
J e t t e  Lake
E a r ly
Summer 6
1 7 12 9 5
M id-
Summer 4 1 1 4 3 3
E a r ly
Summer 17 7 4 13 9
11
Lake Rogers
M id-
Summer 1 4 1
2 7 2
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p e r c e n t ,  T . e »  v a / ^ r a n e , 46 p e r c e n t ;  Lake R o g e rs , T . s .  p a r i é t a l  i s , 61
p e r c e n t ,  T . e .  v a g ra n s , 39 p e r c e n t .
As G regory  (1973) o b se rv ed  th e  p e r io d  o f  a b s t in e n c e  from  f e e d in g  
o c c u r re d  d u r in g  th e  b re e d in g  s e a s o n ; i t  was assum ed t h a t  t h i s  was th e  
p a r t i a l  r e a s o n  f o r  th e  p re se n c e  o f  a t  l e a s t  25 p e rc e n t o f  th e  sn a k es  in  
each  p o p u la t io n  w ith  em pty stom achs i n  e a r l y  summer. C o l le c t io n s  a t  each  
s i t e  w ere made w i th in  a  s p e c i f i c  te m p e ra tu re  ra n g e , so  t h a t  th e r e  was a  
g r e a t e r  p r o b a b i l i t y  o f  f in d in g  th e  sn a k es  e i t h e r  w ith  r e c e n t  fo o d  sam ples 
o r  o s t e n s ib ly  h u n t in g  f o r  p re y .  The h y p o th e s is  o f  P o u q u e tte  (1 9 5 4 ) , 
t h e r e f o r e ,  was su p p o r te d  b y  th e s e  d a ta .
The sn a k es  w ith  stom ach c o n te n ts  w ere com pared w ith  r e g a rd  t o
each  s p e c i e s , r e g a r d le s s  o f  th e  s i t e  ; and  i t  was found  t h a t  th e  e x te n t
o f  u t i l i z a t i o n  o f  th e  h a b i t a t  n ic h e s  o f  th e  tw o s p e c ie s  were com parab le  
( T a b le s  4*5 and 4 * 6 )•  The f re q u e n c y  o f  th e  i te m s , E rp o b d e lla  and B u fo , 
was th e  same a s  i n  th e  l i s t  o f  p re y  o f  T . s .  p a r i e t a l i s  ; how ever, i t  
m ust be  rem embered t h a t  B ufo was o b se rv ed  t o  be  consumed in  g r e a t  num bers 
o n ly , i n  th e  l a t e  summer, when th e  t o a d l e t s  had  j u s t  m etam orphosed.
The n ex t m ost ccmiinonly consumed p rey  by  T . s .  p a r i e t a l  i s , i n  de­
sc e n d in g  o r d e r ,  w ere Haemopis an d  Ambystoma. The f a c t  t h a t  Ambystoma 
was a l s o  h ig h  in  p e rc e n ta g e  in d ic a te d  t h a t  th e  sn a k es  were o p p o r tu n is t i c  
i n  r e s p e c t  t o  m etam orphosing  a m p h ib ia n s . T h i r t y - s i x  p e rc e n t o f  i t s  foou  
was B . b o re a s  and A. m acrodac ty lum , and 4 I p e rc e n t o f  i t s  food  was th e  
two s p e c ie s  o f  l e e c h e s ,  w hich  w ere p re s e n t  c o n tin u o u s ly  th ro u g h o u t th e  
summer.
I f  a  l i s t  o f  com bined fo o d  ite m s was made f o r  th e  s p e c i e s ,  T . s .  
p a r i e t a l i s , such  t h a t  a l l  th e  am p h ib ian  s p e c ie s  w ere g rouped  to g e t h e r ,  a
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T ab le  4*5— Summary o f  Pood Item s o f  Thamnophis s i r t a l i s  p a r i e t a l  i s
P rey  S p e c ie s Number o f O ccu rrences
F requency  o f  
O ccurrence
S in g ly C a te g o r iz e d
Haemopis g ra n d is 11 18*\
>  41
E rp o b d e lla  p u n c ta ta 14 r
D e ro ce ra s  s p . 1 2 2
Rana p r e t i o s a 2 3 ^
Rana p ip ie n s 3 5
I
B ufo b o re a s 14 23 >  46
Ambyst oma m acrodacty lum 8 13
H yla r e g i l l a 1
M ic ro tu s  sp* 1 2 2
S p i z e l l a  s p . 1 2 2
Lum bricus s p . 4 7 7
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T ab le  4«6——Summary o f  Food Item s o f  Thamnophis e le v e n s  v a g ra n s
P rey  S p e c ie s Number o f  O ccu rrences
Frequency  o f  
O ccurrence
S in g ly C a te g o r iz e d
Haemopis g ra n d is 26
}  44
E rp o b d e lla  p u n c ta ta 13 15J
Prophysaon  s p . 11
’ 1
24
D ero ce ras  s p . 11 ' V
R ic h a rd so n iu s  b a l t e a t u s 7
y  10
Salmo s p . 2 V
Rana p r e t i o s a 1
Rana p ip ie n s 1 1
Bufo b o re a s 9 10 r  20
Ambystoma m acrodacty lum 5 6
H yla r e g i l l a 2 V
Perom.yscus s p . 1 1 1
S t u r n e l l a  n e g le c ta 1 1 1
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p r i n c i p a l  dependency  o f  th e  sn ak e  s p e c ie s  upon le e c h e s  and am ph ib ians 
a p p e a re d . The le e c h e s  and a m p h ib ia n s , r e s p e c t iv e ly ,  com prised  4 I p e rc e n t 
and  46 p e rc e n t  o f  th e  fo o d  ite m s f r e q u e n t ly  found  in  r e d - s id e d  g a r t e r  
s n a k e s . E arthw orm s, s l u g s ,  m ice , and b i r d s  were o c c a s io n a l ly  found  and 
co m p rised  th e  re m a in d e r , 13 p e r c e n t .
I n  T . e .  v a g r a n s , th e  m ost f r e q u e n t ly  found  p re y  item s w ere 
Haemopis (29  p e rc e n t )  and  E rp o b d e lla  ( I5 p e rc e n t)  (T ab le  4 * 5 )• The two 
g e n e ra  o f  s lu g ,  P rophysaon  and D e ro c e ra s , w ere e q u a l ly  f r e q u e n t  in  th e  
t e r t i a r y  fo o d  c a te g o ry  a t  12 p e rc e n t ;  and  B . b o re a s  com prised  10 p e r c e n t .  
As i n  T . s .  p a r i e t a l i s , th e  two le e c h  s p e c ie s  and t o a d l e t s  w ere among 
th e  commonly found  fo o d  ite m s  i n  T . e .  v a g ra n s .
An obv ious d i f f e r e n c e ,  how ever, was th e  em phasis on s lu g s  in  
T . e .  v a g ra n s  (T ab le  4 * 6 ) .  I f  one com bined th e  fo o d  ty p e s ,  th e  two most 
common fo o d  ite m s a p p e a re d  t o  be  le e c h e s  (44  p e rc e n t )  and s lu g s  (24  
p e r c e n t ) .  A r a t h e r  l a r g e  p o r t io n  o f  th e  rem a in in g  fo o d  item s was com­
p r i s e d  o f  am ph ib ians (20  p e rc e n t )  and  f i s h  (10  p e r c e n t ) ;  th e  m inor po r­
t i o n  (2  p e r c e n t ) was co m p rised  o f  m ice and  b i r d s .
The r e l a t i v e  f r e q u e n c ie s  o f  le e c h e s  i n  b o th  s p e c ie s  in d ic a te d  
t h a t  t h i s  fo o d  ty p e  was e q u a l ly  im p o rta n t t o  each  s p e c i e s .  However, th e  
h ig h  f re q u e n c y  o f  am p h ib ian s i n  T . s .  p a r i e t a l i s , and  th e  h ig h  fre q u e n c y  
o f  s l u g s ,  a m p h ib ia n s , and  f i s h  in  T . e .  v a g ra n s  d e m o n s tra te d  th e  s p e c i a l ­
i z a t i o n  o f  th e  r e d - s id e d  g a r t e r  sn ak e  and th e  u sag e  o f  a  w ide ran g e  o f  
h a b i t a t s  by  th e  w an d erin g  g a r t e r  snalce . T h e re fo re ,  th e  p re se n c e  o f  b o th  
s p e c ie s  a t  one s i t e ,  su c h  a s  a  pond, was most l i k e l y  a  perm anent r e l a t i o n ­
s h ip  b e c a u se  o f  b o th  th e  common and  d i f f e r e n t  p r e f e r e n c e s  o f  e ac h  s p e c ie s  
and  th e  e x is te n c e  o f  a  v a r i e t y  o f  fo o d s  a t  th e  s i t e .
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TEMPERATURE RELATIONSHIPS
I t  was e x p e c te d  t h a t  a  w ide ra n g e  o f  c lo a c a l  te m p e ra tu re s  w ould 
o c c u r  b e c a u se  o f  th e  a c t i v i t y  o f  th e  snatce and th e  p r e v a i l i n g  w e a th e r  
c o n d i t i o n s .  P le h a r ty  n o te d  th e  a c t i v i t y  o f  a  p o p u la t io n  o f
Tham nophis i n  r e l a t i o n  t o  w e a th e r  c o n d i t io n s  and d is c o v e re d  t h a t  one 
s p e c i e s ) T . r u f i p u n c t a t u s , was more a c t iv e  on o v e rc a s t  days th a n  two 
o th e r  s p e c i e s .  T ham nophis, a s  a  g e n u s , had  a  to le r a n c e  f o r  c o ld ,  and 
i t s  a c t i v i t y  ran g e  was from  9 °“ 36®C, w ith  a  mean o f  26°C (B ra t ts t ro m  
1965)» I t s  l e t h a l  te m p e ra tu re  l i m i t s  w ere 0°C and 40“ 42®C (L eu th  1941)»
C o l le c t io n s  w ere made u n d e r many d iv e r s e  c o n d i t io n s ;  t h e r e f o r e ,  
te m p e ra tu re s  w ere ta k e n  when th e  sn a k es  w ere dorm ant u n d e r lo g s  o r  a c ­
t i v e  on th e  g ro u n d , and d u r in g  c o o l ,  o v e rc a s t  days a s  w e ll  a s  warm, 
c l e a r  d a y s . C lo a c a l te m p e ra tu re s  w ere m easured  from a l l  sn ak es  ex cep t 
th o s e  whose s i z e  p re c lu d e d  th e  e n tra n c e  o f  th e  th e rm o m eter; th e s e  sn ak es 
u s u a l ly  f e l l  w i th in  th e  ju v e n i le  s i z e  c l a s s .
The c lo a c a l  te m p e ra tu re s  ran g e d  from 12°-32°C ; th e  a r i t h m e t i c a l  
means o f  th e  te m p e ra tu re s  d e m o n s tra te d  th e  d i r e c t  r e l a t i o n s h i p s  w hich 
e x i s te d  a t  each  s i t e  (T a b le  4 * 7 )•  The g rap h s  o f  th e  c lo a c a l  te m p e ra tu re  
v e rs u s  ground—s u r f a c e  te m p e ra tu re ,  w hich were c o m p o s ite s  o f b o th  s p e c ie s ,  
d e m o n s tra te d  th e  ra n g e s  o f  te m p e ra tu re s  t h a t  in d iv id u a l  sn ak es m a in ta in e d  
a t  a  s p e c i f i c  g round  te m p e ra tu re ,  a s  w e ll  a s  th e  m eans. Commonly, th e  
c o o le r  g round  te m p e ra tu re s  a t  J e t t e  Lake and Lake R ogers in f lu e n c e d  th e  
a c t i v i t y  te m p e ra tu re  o f  th e  sn a k e , w hich was a l s o  c o o l .  However, th e  
g rap h s  a l s o  d e m o n s tra te d  t h a t  th e  phenomenon o f  p r im i t iv e  endotherm y was 
p r e s e n t  i n  th e  g a r t e r  sn a k es  (F ig u r e s  C, D, and  e ) .  T h is  phenomenon was
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T ab le  4*7— C o r r e la t io n  o f  Ambient T em p era tu res  and A tm ospheric  
P re s s u re  w ith  th e  C lo a c a l T em p era tu res  o f  Thamnophis
S i t e N C lo a c a l Grand.—S u r f  ace
C'c)
A ir
(*c)
A tm ospheric  P re s s u re  
(mmHg)
Woods
Hud Lake 14
Smith Lake 19
J e t t e  Pond 19
J e t t e  Lake 33
Lake Rogers 39
R 19-29 R 16-30 R 19-32 R 26 . 5- 3 0 .0
M 24 M 24 M 26
R 18-29 R 16—28 R 21-29 R 29 . 3- 3 0 .0
M 24 M 24 M 24
R 14-28 R 13-34 R 17-28 R 26 . 6- 3 0 .7
M 24 M 23 H 23
R 19-32 R 17-35 R 19-27 R 26 . 6- 30 .3
M 24 M 25 M 24
R 15-28 R 12-31 R 12-27 R 28 . 3- 30.1
M 23 H 23 M 23
R 12-30 R 10-32 R 8-29 R 26 . 9- 3 0 .2
M 22 M 20 M 20
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e v id e n t  by  v i s i b l e  and  c o n s ta n t  o c c u rre n c e  o f  most o f  th e  sn a k es  w ith  a  
h i ^ e r  c lo a c a l  te m p e ra tu re  th a n  th e  g ro u n d . (The e x c e p tio n  o f  t h i s  ob­
s e r v a t io n  was a t  J e t t e  Pond and was m ost l i k e l y  due to  th e  a c t i v i t y  w hich 
was c o n s t a n t ly  h a p p en in g  be tw een  th e  sh o re  and w a te r  e n v iro n m e n ts .)
C a rp e n te r  (195&) re c o rd e d  th e  o c c u rre n c e  o f  endotherm y i n  o th e r  
s p e c ie s  o f  g a r t e r  s n a k e s . Som etim es one s p e c ie s  can  show a  to le r a n c e  t o  
low er te m p e ra tu re s ;  P le h a r ty  ( 1967) p roved  t h i s  ten d e n cy  by g ra p h in g  th e  
a c t i v i t y  te m p e ra tu re s  o f  in d iv id u a l  s p e c i e s .  In  t h i s  s tu d y , no s i g n i f ­
i c a n t  d i f f e r e n c e  was n o te d  betw een  T . s i r t a l i s  and T . e le g a n s . The mean 
a c t i v i t y  te m p e ra tu re  was th e  same f o r  b o th  s p e c ie s ,  23°C; th e  r e s p e c t iv e  
ra n g e s  w ere 14°-32®C and 12°-30°C  (F ig u re  P ) .  T h e re fo re , i t  was con­
c lu d e d  t h a t  th e s e  two s p e c ie s  w ere in  d i r e c t  c o m p e ti t io n  i n  t h e i r  d a i ly  
p e r io d s  o f  a c t i v i t y  and t h a t  th e  d i s t in g u i s h a b le  d i f f e r e n c e s  i n  d i e t  
com pensated  f o r  th e  same a c t i c i t y  c y c le s .
I f  t h e  a i r  te m p e ra tu re s  became 30^0 o r  m ore , g a r t e r  sn a k es  have 
b e en  known t o  m a in ta in  t h e i r  te m p e ra tu re  below  30®C (L eu th  1941)» I n  
t h i s  s tu d y ,  sn a k e s , w hich w ere low er i n  te m p e ra tu re  th a n  th e  g ro u n d - 
s u r f a c e  te m p e ra tu re  when i t  was 30°C , w ere th o u g h t t o  be  e x h ib i t in g  t h i s  
b e h a v io r .  How ever, o th e r  sn a k es  w ith  te m p e ra tu re s  below  t h a t  o f  th e  
s u b s t r a t e  c o u ld  have  r e c e n t l y  moved from  one env ironm en t t o  a n o th e r .  
W ithout c o n s ta n t  m o n ito r in g , th e  sn a k es  may have j u s t  em erged from  u n d e r­
ground o r  w a te r  b e fo r e  c a p tu r e ;  and  t h e i r  te m p e ra tu re s ,  t h e r e f o r e ,  c o r­
re sp o n d ed  w ith  t h a t  o f  th e  p re v io u s  e n v iro n m en t.
An a n e ro id  b a ro m e te r , w hich was s e t  by  and com pared t o  th e  U .S . 
W eather B u reau  r e a d in g s  a t  M isso u la  and K a l i s p e l l ,  was u sed  t o  m easure 
th e  p a ra m e te r  o f  w e a th e r  and a tm o sp h e r ic  p r e s s u r e .  C o l le c t io n  p e r io d s
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w ere s e l e c t e d  t o  in c r e a s e  th e  p r o b a b i l i t y  o f  f in d in g  sn ak es  a c t i v e .  
T h e re fo re  I warm days u n d e r  h i ^  p r e s s u re  sy stem s w ere p r e f e r r e d .  How­
e v e r ,  o v e rc a s t  and  s to rm y  days w ere i n e v i t a b l e .
The ra n g e  o f  b a ro m e tr ic  r e a d in g s  a t  e ach  s i t e  w ere re c o rd e d  
(T a b le  4*7)* A ll th e  a c t i v i t i e s  ( i . e .  su n n in g , m oving, swimming, o r 
r e s t i n g  u n d e r  a  lo g )  w ere o b se rv ed  i n  b o th  s p e c ie s  w i th in  th e s e  s i t e s  
d u r in g  th e  ra n g e  o f  b a ro m e tr ic  p r e s s u r e s .  No t r e n d s  w ere n o ted  in  th e  
a r e a  o f  a c t i v i t i e s  v e rs u s  s p e c i f i c  p r e s s u r e s ;  one n o t ic e a b le  ab sen ce  o f  
an  a c t i v i t y ,  t h a t  o f  swimming, was o b se rv ed  a t  Sm ith Lake and Woods Pond. 
(T h is  was t h o u ^ t  t o  be  i n c i d e n t a l  b e ca u se  th e  p re se n c e  o f  f i s h  from  
sn a k es  a t  S m ith  Lake and E rp o b d e lla  a t  Woods Pond was i n d ic a t iv e  o f  
a q u a t ic  a c t i v i t y . )  T h is  a l s o  r e a f f irm e d  th e  c o n c lu s io n  t h a t  o th e r  p a ra ­
m e te r s ,  su ch  a s  fo o d , w ere th e  i s o l a t i n g  m echanism s t h a t  a llo w e d  th e  co­
e x is te n c e  o f  th e s e  s p e c i e s .
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CHAPTER V
POPULATION SIZE AS AN INDICATOR OP DISTURBANCE
INTRODUCTION
The u se  o f  th e  s i z e  o f  a  p o p u la t io n  o f  g a r t e r  sn ak es a s  an  in ­
d i c a t o r  o f  d is tu rb a n c e  was in v e s t ig a te d  in  t h i s  s tu d y .  A su rv e y  w hich 
e n t a i l e d  th e  r e c o rd in g  o f  le n g th  and s e x , and  th e  m ark ing  o f  each  snake 
f o r  f u tu r e  r e c o g n i t io n ,  was u n d e rta k e n  a t  each  o f  th e  s i x  c o l l e c t i o n  
s i t e s  ( i . e .  Woods Pond, J e t t e  Pond, J e t t e  L ake, Sm ith  L ake, Lake R o g e rs , 
and Mud L a k e ) . S n a k e s , t h a t  were sm a ll in  body le n g th  ana  were u n a b le  
t o  be se x ed  w ith o u t l a b o r a to r y  d i s s e c t i o n ,  were p la c e d  in  th e  ju v e n i le  
c a te g o r y .  An o v e r la p  o c c u rre d  i n  body le n g th s  o f  ju v e n i le s  and a d u l t s  
b e c a u se  o f  th e s e  f i e l d  m ethods o f  s e x in g  in d iv id u a ls  (T a b le s  and 
5 . 2 ) .
The q u e s t io n  a s  t o  w h e th e r o r  no t a  snake  was m atu re  h a s  been  
d i f f i c u l t  t o  d e te rm in e . I t  h a s  b e en  done in  th e  la b o r a to r y  by  o b se rv in g  
th e  s e x u a l  r e c e p t i v i t y  o f  fem ale  T . s .  p a r i e t a l i s  (Hawley and A le k s iu k  
1976) .  Fem ales w hich w ere o v e r ^ 0  cm in  s n o u t-v e n t  le n g th  were o b se rv ed  
t o  have a  l a r g e r  number o f  o v a r ia n  f o l l i c l e s  th a n  s m a lle r  fe m a le s ; ana  
i n  a  g roup  o f  fem a le s  w ith  a  s n o u t-v e n t  ran g e  o f  40-70  cm, c o u r t s h ip s  
by  m ales in c r e a s e d  i n  number p e r  fem ale  a s  th e  s n o u t-v e n t  le n g th  in ­
c re a s e d  above 45 cm. W hite and Kolb (1974) d id  a  s i m i l a r  s tu d y ,  i n  w hich 
dead  Thamnophis w ere p la c e d  in  s p e c i f i c  r e p ro d u c t iv e  c a t e g o r i e s ,  by  th e  
e x a m in a tio n  o f  th e  g o n a d s . G e n e ra l ly ,  an  in d ex  by  w hich to  d e te rm in e  th e  
m a tu r i ty  o f  m ale sn a k e s  h a s  n o t b e en  a s  e a s i l y  p e rc e iv e d .
78
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T able 5 .1
Means and Ranges o f the Lengths o f  T. s i r t a l i s  p a r ie ta l is  by Category V s. L ocality^
J u v e n ile s Males Females
S i t e s N T o ta l Snout -Vent N T o ta l Snout “Vent N T o ta l Snout -Vent
([Mean) (Range) (Mean) (Range) (Mean) (Range) (Mean) (Range) (Mean) (Range) (Mean) (Range)
^Woods Pond 6
(5 )
33:2 24 , 8 -41.6 28.1
18.5“
31.1 9 60 .4
4 6 .5 “
73 .0 44.9
32 .7“
53.6 12 6 6 .0
4 9 .9 “
8 1 .0 51 .8
37 .7“
72.0
J e t t e  Pond 10 31 .0 23 . 5-
41.9 23.1
17.7“
30.9 5 68 .8
5 9 .6“
80 .8 51 .4
44 .1“
60 .3 3 60 .8
5 6 .5 “
64 .7 46.3
4 3 .0 -
49 .8
J e t t e  Lake 11 33.3 23 . 7-39.8 24.8
15 . 2-
37.1 5 64.5
4 1 . 5-
80,3
50 ,0 30 , 6-62.5 4 57.3
4 1 .5 “
69 .8 43 .4
31 .3“
55.7
Sm ith Lake — — — 8 59.6 49 .7 “68.5
45.6 41 .8 -
53.1
6 71.1
60 .0—
88 .0 56.7
4 7 .2 -  
66 .0
Lake Rogers 14 30.5 24 . 7-44 .8 22.3
18 »5“
29.3
12 61 .8 55 .2“67.3 47.3
42 .3“
51.7
8 62.3 29.5“74.8 49 .7
21.9“
61.9
Mud Lake
V l l  m easurem ents to  th e  n e a re s t  0 .1  cm.
^F ive in d iv id u a ls  were measured in  sn o u t-v e n t;  s ix  were measured in  t o t a l  le n g th ,
*One in d iv id u a l  cou ld  not be sexed in  f i e l d ;  i t  exceeded ju v e n ile  ca teg o ry  ( 6 4 .0 , 4 7 .6 ) .
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CD"O
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C
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Q .
"O
CD
C /)
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T able 5*2
Means and Ranges o f  th e  Lengths o f  T» e le g an s  vag rans by  C ategory  Vs* L o ca lity ^  
J u v e n ile s  Males  Females
3 S i te s _N T o ta l Snout -Vent . N T o ta l Snout-V ent N T o ta l Snout -Vent
CD
8 (Mean) (Range) (Mean) (Range) (Mean) (Range) (Mean) (Range) (Mean) (Range) (Mean) (Range)
(O'
3" +Woods Pond 1 35 .0 —M # 1 47.3 32.9 mmmm 1 45 .0 — 35.0 —
W
3
CD J e t t e  Pond 11 36.7
2 8 ,0 -
38.3 28.0
2 2 .1 -
34.9 3 56.4
44 .5”
62 .7 40.5
2 8 .5 -
47 .7
6 51.3 4 1 .4-  74 .0 38 .2
2 8 .0 -
5 8 .0
"n
c3.
3"
CD
J e t t e  Lake 14 29*8 25. 7-39.6 22.7
1 9 .3 -
29.5
10 57 .4
4 8 . 0—
73.0 44 .2
3 5 .5 -
55.6 12 54 .7
4 3 .2 -
74.3 42 .5
3 3 . 7”
59 .2
CD"O
O
Q.
C
Sm ith Lake 4 37.5
3 0 .0 —
47.1
28.2 2 3 .0 -36 .0 1 62 .0 — 48.1 — 3 55.5
4 3 . 8-
72.6 45 .7
3 3 .6 -
55.3
ao
3
■D3
♦Lake Rogers 21 32.3 22 .2—43.7
24.8 16 »8— 33 .2 9 57.5
4 2 ,4-
70.3 42.1
31 .5”
55.5
10 58 .2 4 4 . 1-69.8 46 ,8
32*3—
55.3
3"
CT
CD
Q.
Mud Lake 4 3 2 .2
2 0 .2 -
36.4 24.1
15 .4-  
28.1 10 58.9
52 . 7-
65 .4 46 .9
4 0 .9 -
56.9 5 58.5
4 7 . 3-
77.0 4 4 .8
34 . 4-
6 0 .0
CD
C/)
o'3
"S ^All m easurem ents to  th e  n e a re s t  0 .1  cm.
"*’One in d iv id u a l  was not m easured in  sn o u t-v en t»  on ly  t o t a l  le n g th .
*
Two in d iv id u a ls  were o m itted ; th e y  cou ld  not be sexed in  f i e l d  and exceeded th e  ju v e n ile  c a teg o ry  
(5 0 .0 ,  3 8 .8 ; 5 3 .2 , 4 1 .2 ) .
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The r e a s o n  f o r  th e  p re se n c e  o f  d i f f e r i n g  p ro p o r t io n s  among th e  
j u v e n i l e s  and  a d u l t s  and among a d u l t  m ales and fem a le s  i n  each  p o p u la t io n  
was m u l t i - f a c e t e d .  I n  t h i s  s tu d y t  th e  d e n s i t i e s  o f  th e  ju v e n i le s  and 
a d u l t s  changed  c o n t in u a l ly  a s  s e a s o n a l  changes o c c u rre d . I t  h as  been  ob­
s e rv e d  in  a  p o p u la t io n  o f  T . £ .  p a r i e t a l i s  from  M anitoba t h a t  m ales 
em erged from  th e  h ib ern acu lu ra  i n  m id-Kay o r  e a r l y  June  b e fo re  th e  fem a les 
em erged ; t h i s  b e h a v io r  had  o b v io u s ly  in c re a s e d  th e  p r o b a b i l i t y  o f  a 
g r e a t e r  p e rc e n ta g e  o f  fem a le s  b e in g  m ated (G reg o ry  1974). C o n t r a s t in g ly ,  
d u r in g  J u ly  and l a t e  A u g u st, i n  th e  same p o p u la t io n ,  th e  te n d e n c y  o f  
fem ale  red —s id e d  g a r t e r  sn a k es  t o  b ask  in  open a r e a s  in c re a s e d  th e  op­
p o r tu n i ty  o f  c o l l e c t i n g  t h i s  s e x  (A le k s iu k  and S te w a rt 1971). T h is  be­
h a v io r  h a s  a l s o  b e en  n o te d  i n  t h r e e  o th e r  s p e c ie s  o f  Thamnophis (C ar­
p e n te r  1952) .
In  a  s tu d y  o f  a  sy m p a tr ic  p o p u la t io n  o f  Tham nophis, th e  po p u la ­
t i o n  s i z e  was o b se rv ed  t o  more th a n  doub le  i n  one se aso n  b ecau se  o f  th e  
young sn a k e s  (10 -39  cm i n  s n o u t-v e n t  l e n g t h ) , w hich made up more th a n  
h a l f  o f  th e  in d iv id u a ls  (C a rp e n te r  1952). I f  h a l f  o f  th e s e  young sn a k es  
had  s u rv iv e d  th e  f i r s t  y e a r  o f  l i f e ,  t h e  e x p e c te d  r e s u l t  o f  h a v in g  th e  
ju v e n i le s  outnum ber th e  a d u l t s  would have o c c u rre d  th e  n ex t y e a r .  How­
e v e r ,  i n  th e  s tu d y  o f  C a rp e n te r  ( 1952) ,  th e  low r a t i o  o f  ju v e n i le s  t o  th e  
t o t a l  p o p u la t io n  in  th e  fo l lo w in g  y e a r  su g g e s te d  a  h ig h  m o r ta l i ty  o f 
ju v e n i le s  by  " w in te r  k i l l . "
W in te r k i l l  was d e a th  by  th e  i n a b i l i t y  t o  b u ry  below  th e  f r o s t  
l e v e l  in  th e  h ib e rn a cu lu m  (C a rp e n te r  1952); t h i s  lo s s  o f  ju v e n i le s  h a s  
b e en  e x p la in e d  b e c a u se  r e c e n t l y  b o rn  sn a k es  have b een  found t o  fe e d  l a t e  
i n  t h e i r  f i r s t  f a l l  o f  l i f e  (G reg o ry  and S te w a rt 19 7 5 ). A nother f a c t o r
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t h a t  c o u ld  have cau se d  a  low er number o f  ju v e n i le s  i n  th e  im m ediate v i c i n ­
i t y  o f  th e  a d u l t  p o p u la t io n  was th e  b e h a v io ra l  f a c t o r  o f  young sn ak es 
s e l e c t i n g  h ib e r n a t in g  s i t e s ,  o th e r  th a n  th e  communal den  o f th e  la r g e  
sn a k e s  (G reg o ry  1974)•
The p e r io d  o f  a p h a g ia ,  o r  la c k  o f  f e e d in g ,  and th e  low w in te r  
te m p e ra tu re s  have b een  n o te d  t o  cau se  th e  em ergent r e d - s id e d  g a r t e r  
sn a k e s  t o  be  n e a r  th e  s t a r v a t i o n  p o in t  i n  t h e i r  p h y s ic a l  c o n d it io n  
(A le k s iu k  1976 ). The poor n u t r i t i o n a l  c o n d i t io n  o f  th e s e  sn ak es i n  th e  
s p r in g  made them v u ln e r a b le  t o  p r e d a t io n  a t  th e  s i t e  o f  th e  h ib e rn a c u la  
(A le k s iu k  and  S te w a rt 1971)» The f u r t h e r  p re d a t io n  on ju v e n i le s  b ecau se  
o f  t h e i r  r e l a t i v e  abundance a n d , on l a r g e  i n d iv id u a l s ,  b ecau se  o f  t h e i r  
g r e a t e r  v i s i b i l i t y  t o  many p r e d a to r s ,  h a s  b een  a t t r i b u t e d  t o  th e  re a so n  
f o r  th e  b u lk  o f  a  p o p u la t io n  t o  f a l l  w ith  th e  m idd le  s i z e  range  (C arpen­
t e r  1952) .  The ran g e  o f  th e  dom inant s i z e  c l a s s  and th e  mean s i z e  o f  th e  
r e d - s id e d  and th e  w an d erin g  g a r t e r  snake  s p e c ie s  i n  th e  c u r r e n t  s tu d y
w ere r e s p e c t iv e ly  6 I .O -7O.9  cm (53*3 cm) and 4 1 .0 -5 0 .9  cm ( 46 .5  cm ).
W ithout more y e a r s  o f  o b s e rv a t io n  o f  th e  e c o lo g y  o f th e s e  i n d i ­
v id u a l  p o p u la t io n s ,  s p e c i f i c  re a s o n s  f o r  th e  p ro p o r t io n s  o f th e  number o f
a d u l t s  t o  th e  number o f  ju v e n i l e s  can n o t be fo rm u la te d . A lthough th e  in ­
c lu s io n  o f  th e  p a ra m e te rs  m en tioned  in  th e  above d is c u s s io n ,  and  th e  in ­
v e s t i g a t i o n  o f  o th e r  p a ra m e te rs  w ould be n e c e s s a ry  in  su b seq u en t s t u d i e s .
METHOIS AND MATERIALS
Each s i t e  was v i s i t e d  d u r in g  s p e c i f i c  t im e s  o f  th e  day so  t h a t  
th e  p e r io d  a t  w hich m ost o f  th e  sn a k e s  w ere a c t iv e  would be e n c o u n te re d . 
T r ip s  t o  th e  s p e c i f i c  s i t e s  w ere v a r io u s  i n  number ; s p e c ia l  a t t e n t i o n  was
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p a id  t o  th e  s i t e s  t h a t  had  low c o n c e n tr a t io n s  o f  sn ak es  i n  o rd e r  t o  in ­
c re a s e  th e  v a l i d i t y  o f  th e  e s t im a te  o f  th e  s i z e s  o f  th e  p o p u la t io n s .  The 
p o p u la t io n s  w ere sam pled  i n  th e  f i e l d  by  a  mark and r e c a p tu r e  p ro c e d u re .
S e v e ra l  m ethods o f  m ark ing  r e p t i l e s  have been  d e v is e d ;  th e  
t a t o o i n g  o f  s c a l e s  ( Woodbury 1956)i th e  im p la n tin g  o f  m in ia tu re  r a d io  
t r a n s m i t t e r s  i n to  th e  body c a v i ty  (M cGinnis 1 9 6 ? ) , and th e  f a s t e n in g  o f  
a  v i s i b l e  p l a s t i c  p lu g  t o  th e  c a u d a ls  by  th e  u se  o f  th e  " B u tto n e e r"
(Pough 1970) w ere t h r e e  o f  th e  common m ethods. The s ta n d a rd  m ethod , t h a t  
h a s  b e e n  t r a d i t i o n a l l y  u se d  by  su ch  a u th o rs  a s  C a rp e n te r  (1952) and 
P le h a r ty  ( 1967) ,  was i n i t i a t e d  by  B la n c h a rd  and P i a s t e r  (1933)*  I t  was 
t h i s  m ethod t h a t  was u se d  in  t h i s  c u r r e n t  s tu d y  (T a b le  5«3)«
The p ro c e d u re  o f  B lan c h a rd  and P i n s te r  (1933) e n ta i l e d  th e  r e ­
moval o f  c e r t a i n  c au d a l s c a l e s  o r  a  co m b in a tio n  o f  s c a le s  by th e  u se  o f  
f i n g e r n a i l  c l i p p e r s .  The rem oval o f  th e s e  s c a le s  was s p e c i f i c a l l y  p a t­
te r n e d  f o r  each  s i t e .  N eo -P o ly c in  o in tm en t was a p p l ie d  f o r  th e  p rev e n ­
t i o n  o f  i n f e c t i o n .  The s c a r  t i s s u e ,  w hich s u b s e q u e n tly  form ed, was. 
e a s i l y  r e c o g n iz a b le  o v e r a  y e a r  l a t e r  i n  t h i s  s tu d y ;  Conant ( 1948) ex­
p e c te d  t h a t  fo u r  t o  f i v e  y e a r s  w ould b e  th e  tim e  l im i t  f o r  th e  re c o g n i­
t i o n  o f  sn a k e s  w hich w ere m arked b y  t h i s  m ethod.
A r o u t in e  o f  in s p e c t io n  was e s t a b l i s h e d  a t  each  s i t e ;  how ever, 
c a re  was ta k e n  t o  l e s s e n  th e  a c tu a l  d is tu rb a n c e  t h a t  t h i s  s tu d y  cau sed  
upon each  s i t e ' s  e c o sy s te m . No g rounded  lo g s  were e v e r  o v e r tu rn e d , e s ­
p e c i a l l y  th o s e  w hich  w ere p ro b a b le  h ib e r n a c u la .  And, no t r a p s  w ere u se d  
i n  th e  c o l l e c t i o n  o f  th e  s n a k e s ,  a l l  c a p tu r e s  were done by h an d .
The d a ta  from  th e  m a rk - re c a p tu re  su rv e y  o f  e ac h  s i t e  w ere ta b ­
u l a t e d  (T a b le  5 . 3 ) ,  and  a  s t a t i s t i c a l  t e s t  was perfo rm ed  on th e s e  d a ta .
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Table 5 . 3
P o p u la tio n  S u rv e y : I n d iv id u a ls  M arked, R e ca p tu re d
VJi Lee Marked R ecap tu red Marked R ecap tu red
Woods Pond 28 3 3 0
J e t t e  Pond 18 0 20 2
J e t t e  Lake 20 3 35 5
Sm ith  Lake 14 0 8 0
Lake R ogers 34 4 42 4
Mud Lake — — 19 1
T ab le  5*4
P o p u la tio n  E s tim a te  ( a f t e r  S chnabel [1 9 3 8 ])
S i t e s
Thamnophis s i r t a l i s  p a r i e t a l i s Thamnophis e le g a n s  v a g ra n s
Number o f  
I n d iv id u a ls
S ta n d a rd
E r ro r
Number o f  
I n d iv id u a ls
S ta n d a rd
E r ro r
Woods Pond 108 t  6 2 i n f i n i t e —
J e t t e  Pond i n f i n i t e — 80 1  57
J e t t e  Lake 52 ± 30 106 -  47
Sm ith Lake i n f i n i t e — i n f i n i t e —
Lake R ogers 110 -  55 212 I 106
Mud Lake ------ —— 86 + 86
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The s t a t i s t i c a l  m ethod, w hich was a d o p te d  f o r  t h i s  p a r t i c u l a r  s tu d y , was 
p a t te r n e d  a f t e r  S ch n ab e l (1 9 3 8 ) . S ta n d a rd  e r r o r  was in c lu d e d  f o r  each  
e s t im a te  (T ab le  5*4)»
RESULTS
In  th e  fo l lo w in g  d i s c u s s io n  o f  th e  p o p u la t io n s  a t  each  s i t e ,  th e  
n u l l  h y p o th e s is  was th e  sam e. The n u l l  h y p o th e s is  was from th e  model o f  
S chnabel (1 9 3 8 ) ; i t  s t a t e d  t h a t  each  sam ple was drawn a t  random and t h a t  
th e  p o p u la t io n  o f  th e  s i t e  rem ained  c o n s ta n t  t h r o u ^ o u t  th e  p e r io d  o f 
c o n s id e r a t i o n .  T h e re fo re ,  i t  assum ed t h a t  th e r e  was no rem oval o r  r e ­
c ru i tm e n t  o f  in d iv id u a l s  w i th in  a  p o p u la t io n .
At Woods Pond, 28 r e d - s id e d  g a r t e r  sn a k es  w ere m arked; t h r e e  o f 
th e s e  m arked sn a k es  w ere r e c a p tu r e d .  The r e c a p tu r e s  o c c u rre d  on two 
s e p a r a te  d a te s  ; i n  each  c a se  th e  r e c a p tu re d  sn ak es  had  been  m arked on 
th e  p re v io u s  v i s i t a t i o n ,  w hich was se v en  to  e ig h t  days e a r l i e r .  The 
amount o f  movement o f  th e s e  th r e e  sn ak es a v e rag e d  13 m e te r s .
The p o p u la t io n  e s t im a te  was fo rm u la te d  a s  108 -  6 2  f o r  th e  r e d -  
s id e d  g a r t e r  s n a k e s .  No e s t im a te  c o u ld  be made f o r  th e  w an d erin g  g a r t e r  
s n a k e s ,  b e ca u se  o n ly  t h r e e  sn a k e s  o f  t h i s  s p e c ie s  w ere found and no r e ­
c a p tu r e s  w ere m ade. Two w an d erin g  g a r t e r  sn a k es  w ere found on th e  f i r s t  
v i s i t  on June  19, 1974» and th e  o th e r  was found  on Septem ber 1/], 1975»
At J e t t e  Pond, 18 r e d - s id e d  g a r t e r  sn a k es  w ere m arked w ith o u t any  
r e c a p tu r e s ;  20 w an d erin g  g a r t e r  sn a k es  were m arked w ith  two r e c a p tu r e s .
One o f  th e  r e c a p tu r e d  in d iv id u a l s  was found  a c t i v e l y  swimming i n  th e  pond, 
p resum ab ly  h u n t in g  b e c a u se  i t  r e g u r g i t a t e d  l i v e  l e e c h e s .  The o th e r  was 
o r i g i n a l l y  found  h u n t in g  a lo n g  th e  s o u th  s h o re ;  and  on i t s  r e c a p tu r e ,  i t
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was fo u n d  dorm ant u n d e r a  lo g  a lo n g  th e  n o r th w e s te rn  s h o re .  The p o p u la ­
t i o n  e s t im a te  w hich  th e  s t a t i s t i c a l  a n a ly s i s  p roduced  was one o f  i n f i n i t y  
f o r  th e  T . s i r t a l i s  p a r i e t a l i s  and  one o f  60 i  57 in d iv id u a ls  f o r  th e  
T . e le g a n s  v a g ra n s .
U n lik e  J e t t e  Pond, r e c a p tu r e s  o c c u rre d  f o r  b o th  s p e c ie s  a t  J e t t e  
L ake . Twenty r e d - s id e d  g a r t e r  sn ak es  w ere m arked and th r e e  were r e c a p ­
t u r e d ;  35 w an d erin g  g a r t e r  sn a k es  w ere m arked and f i v e  w ere r e c a p tu r e d .  
T here  was a n  u n u su a l o c c u rre n c e  o f  th e  same in d iv id u a l  r e d - s id e d  g a r t e r  
snake  b e in g  r e c a p tu r e d  f i v e  days l a t e r  an d , a g a in ,  i n  Ju n e , 1975i ap­
p ro x im a te ly  t e n  m onths l a t e r .
The two o th e r  r e c a p tu r e d  r e d - s id e d  g a r t e r  sn a k es  were ju v e n i le s  ; 
one o f  th e s e  ju v e n i le s  was m arked on th e  l a s t  v i s i t  i n  A u g u s t, 1974 and 
r e c a p tu r e d  i n  J u n e , 1975* Two ju v e n i le  w an d erin g  g a r t e r  sn ak es  were 
l ik e w is e  m arked and  r e c a p tu r e d .  T hree a d u l t s  o f  t h i s  s p e c ie s  w ere a l s o  
r e c a p tu r e d ;  one m ale was c a p tu re d  w ith  an  in te r im  o f a  month and  a n o th e r  
m ale was " re c a p tu re d "  a s  a  dead  i n d iv id u a l .  The snake  was o r i g i n a l l y  
cau g h t a ro u n d  p i l i n g s ,  and  i t  was found  dead  u n d e r a  l a r g e ,  w a te r  sosiked 
lo g .  T here  w ere 19 days in te r v e n in g ,  b u t , by th e  c o n d it io n  o f th e  sn a k e , 
i t  h ad  no t b een  dead  f o r  t h i s  le n g th  o f  t im e . The cau se  o f  d e a th  was 
s u s p e c te d  a s  by c a t t l e .
The fo rm u la te d  s i z e  o f  th e  p o p u la t io n  o f  T . s i r t a l i s  p a r i e t a l i s  
was 52 Î  3 0 , and s i z e  o f  th e  T . e le g a n s  v a g ra n s  was 106 ± 47 i n d iv i d u a l s .  
T h is  e s t im a te  was com m ensurate w ith  th e  a c tu a l  m ark ing  o f  more T . e .  
v a g ra n s  ( i . e .  35) th a n  T . s .  p a r i e t a l i s  ( i . e .  2 0 ) .
At S m ith  L ake, 14 r e d - s id e d  g a r t e r  sn ak es  and e ig h t  w an d erin g  
g a r t e r  sn a k es  w ere m arked . None o f  th e s e  m arked in d iv id u a ls  o f e i t h e r
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s p e c ie s  was r e c a p tu r e d .  The e s t im a te  o f  th e s e  p o p u la t io n s  w as, t h e r e ­
f o r e ,  fo rm u la te d  a s  i n f i n i t e .
At Lake R o g e rs , th e  g r e a t e s t  number o f  in d iv id u a ls  o f  b o th  s p e c ie s  
w ere m arked . T h i r ty - f o u r  r e d - s id e d  g a r t e r  sn ak es w ere m arked and fo u r  
more r e c a p tu r e d ;  42 w an d erin g  g a r t e r  sn a k es  w ere a l s o  m arked, and fo u r  
w ere  r e c a p tu r e d .  I n  T . s .  p a r i e t a l i s , th e  sp an  o f  tim e  was f a i r l y  s h o r t  
from  th e  tim e  o f  m ark ing  t o  r e c a p tu r e ;  th e  i n t e r v a l  tim e ran g e  was from  
one t o  t h r e e  days f o r  th r e e  o f  th e  s n a k e s . The f o u r th  was r e c a p tu r e d  
e x a c t ly  a  y e a r  m inus a  day a f t e r  i t s  m ark in g .
I n  T . e .  v a g r a n s , two r e c a p tu r e s  o c c u rre d  d u r in g  1974» th e  tim e  
i n t e r v a l s  w ere one t o  s e v e n te e n  d a y s . Two sn a k e s , w hich were m arked on 
th e  same i n i t i a l  t r i p  o f  June  29» 1974» were found  a g a in ,  c o in c id e n ta l ly ,  
a  y e a r  l a t e r  on Ju n e  29» 1975» The p o p u la t io n  e s t im a te  o f  th e  w an d erin g  
g a r t e r  sn ak e  was 212 i  106 in d iv id u a l s ;  t h a t  o f  th e  r e d - s id e d  g a r t e r  
snake  was 110 i  55 i n d iv id u a l s .
At Mud L ake, 19 w an d erin g  g a r t e r  sn a k es  w ere m arked; one w ander­
in g  g a r t e r  snake  was r e c a p tu r e d  tw ic e .  R e p re s e n ta t iv e s  o f  th e  o th e r  
s p e c i e s ,  T . s i r t a l i s  p a r i e t a l i s , w ere n ev er s e e n . The re g io n  o f  g r e a t e s t  
c o n c e n tr a t io n  o f  w an d erin g  g a r t e r  sn ak es w ere found  a t  th e  s o u th e a s te r n  
s h o re ,  w here p la n k s  o f  wood p ro v id e d  s h e l t e r  f o r  th e  sn a k e s . I t  was in
t h i s  v i c i n i t y  t h a t  th e  r e c a p tu r e d  in d iv id u a l  was found  each  t im e ;  th e
tim e  i n t e r v a l  be tw een  th e  r e c a p tu r e s  ran g ed  from one day to  s ix t e e n  d a y s .
A v i s i t a t i o n  was made i n  1975, b u t  no m arked sn a k es  w ere fo u n d . The e s ­
t im a te d  s i z e  o f  th e  p o p u la t io n  was 86 ± 8 6 .
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DISCUSSION
F u t i l i t y  i n  th e  u se  o f  s t a t i s t i c a l  m ethods t o  e s t im a te  th e  s i z e  
o f  a  p o p u la t io n  was e x p e r ie n c e d . A ll th e  a v a i la b le  o b je c t iv e  m ethods 
w ould have g iv e n  th e  same r e s u l t  o f  i n f i n i t y  f o r  p o p u la t io n s  in  w hich no 
r e c a p tu r e s  w ere made. In  t h i s  d i s c u s s io n ,  th e  r e s u l t s  from th e  s t a t i s ­
t i c a l  t e s t  have b e en  e i t h e r  v e r i f i e d  o r  n u l l i f i e d  by th e  f i e l d  o b se rv a ­
t i o n s  made by  th e  a u th o r  d u r in g  t h i s  p e r io d  o f  s tu d y .
At Woods Pond, th e  e s t im a te  o f  T . s .  p a r i e t a l i s  was c o n s ia e re a  
f a i r l y  h ig h  and th e  e s t im a te  o f  i n f i n i t y  f o r  T . e .  v a g ra n s  was r e j e c t e d  
(T a b le  5»4)« The a l t e r n a t i v e  r e a s o n  t o  e x p la in  th e  phenomena was t h a t ,
f o r  b o th  s p e c i e s ,  t h i s  lo c u s  was b u t  a  tem p o rary  f e e d in g  a r e a  f o r  a
l a r g e  amount o f  t r a n s i e n t  s n a k e s . The r e l a t i v e  g e o g ra p h ic a l a r e a  t h a t  
su rro u n d e d  Woods Pond was p l e n t i f u l  i n  tem p o rary  and perm anent p o th o le s  
and p o n d s. And, th e  num erous r e d - s id e d  sn a k es  w hich w ere o b se rv ed  a s  
h a v in g  " h ib e r n a te d ,"  o r  r e s t e d ,  u n d e r s e l e c t  s h ru b s , must have e m ig ra te d  
t o  o th e r  s u i t a b l e  h a b i t a t s .
O r ig in a l ly ,  on a  p re l im in a ry  t r i p ,  th e  s i t e  was chosen  a s  a  
r e l a t i v e l y  u n d is tu rb e d  a r e a  by  man, how ever th e  e x is te n c e  o f  n a tu r a l  
p re d a to ry  d is tu r b a n c e  was e x e m p lif ie d  by th e  p re se n c e  o f  a  l a r g e ,  em aci­
a te d  r e d - s id e d  g a r t e r  sn a k e . C a rp e n te r  (1952) a t t r i b u t e d  th e  p a u c i ty  o f 
l a r g e  sn a k es  in  a  p o p u la t io n  t o  t h e i r  v i s i b i l i t y  t o  p r e d a to r s .  The m ain 
d is tu rb a n c e  was n o is e  and d u s t  from  h o r s e s ,  farm  m ach inery  and c a r s  t h a t  
p a sse d  th e  pond on th e  d i r t  r o a d .  Only on one s p e c i f i c  o c c a s io n  a l o n ^  
s id e  th e  pond w ere r e p t i l e s ,  s p e c i f i c a l l y  w e s te rn  p a in te d  t u r t l e s ,  found  
dead  by  a  .2 2  c a l i b e r  gun . T h is  t h r e a t  was n o t a p p l ic a b le  f o r  g a r t e r
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sn a k e s  b e c a u se  th e  s c a r c i t y  o f  sn a k es  found  in  t h i s  s tu d y  in d ic a te d  t h a t  
th e  p o s s i b i l i t y  o f  f in d in g  th r e e  o r  more sn ak es  a t  a  v i s i t  was m in im al.
B ecause  th e  s i t e  was o r i g i n a l l y  assum ed a s  u n d is tu rb e d ,  i t  was 
a l s o  assum ed t o  d e m o n s tra te  th e  s t a b i l i t y  o f  a  p o p u la t io n  o f  g a r t e r  sn a k es . 
D u rin g  th e  c o u rs e  o f  th e  s tu d y , th e  u se  o f  t h i s  s i t e  f o r  th e  s tu d y  o f  th e  
r e l a t i o n s h i p  o f  a  p o p u la t io n 's  s i z e  t o  th e  d eg ree  o f  d is tu rb a n c e  upon th e  
s i t e  was d e c id e d  t o  be i n a p p l i c a b le .
At J e t t e  Pond, a p p ro x im a te ly  an  eq u a l number o f  sn a ce s  were 
m arked f o r  b o th  s p e c ie s  ( i . e .  18 T . s^. p a r i e t a l i s , 20 T . e_. v a g ra n s ) , 
how ever, an  e s t im a te  was a t t a i n a b l e  o n ly  f o r  T . e le g a n s  v a g ra n s  (T ab le  
5 . 4 )» T h is  was b e ca u se  two r e c a p tu r e s  o c c u rre d  in  t h i s  s p e c ie s .  The cap ­
t u r e  o f  th e  T . e le g a n s  v a g ra n s  was o v e r a  ran g e  o f  e ig h t  v i s i t s , w ith  an  
a v e ra g e  o f  2 .5  sn a k es  p e r  v i s i t ;  th e  c a p tu re  o f  T . s i r t a l i s  p a r i e t a l i s  was 
o v e r a  ran g e  o f  s i x  v i s i t s ,  w ith  an  a v e rag e  o f  3 .0  sn ak es  p e r  v i s i t .  I t  
was c o n c lu d e d , t h e r e f o r e ,  t h a t  b o th  s p e c ie s  w ere e q u a l ly  a b u n d a n t. The 
h i ^  a v a i l a b i l i t y  o f  f e l l e d  l o g s ,  w hich th e  sn a k es  c o u ld  u se  f o r  s h e l t e r ,  
c o n t r ib u te d  t o  th e  su c c e s s  o f  th e  env ironm ent ; and b e ca u se  th e  grounded  
lo g s  w ere n o t d i s tu r b e d ,  i t  c an  be h y p o th e s iz e d  t h a t  many o f th e  m arked 
sn a k es  c o u ld  have b e en  u s in g  th e s e  a s  a  s h e l t e r  o r a s  a  h ib e rn a c u lu m .
D is tu rb a n c e s  w ere c o n t in u a l ly  o c c u r r in g  a t  J e t t e  Pond by th e  
d iu r n a l  v i s i t s  o f  a  h e rd  o f  c a t t l e ,  by  th e  p a s s in g  o f  random c a r s  and 
lo g g in g  equipm ent on th e  d i r t  r o a d ,  and by  s p o ra d ic  v i s i t s  o f  c a t e r p i l l a r  
t r a c t o r s  t o  th e  v i c i n i t y  o f  th e  pond p ro p e r .  S u r p r i s i n g l y , th e  lo g g in g  
o p e r a t io n s ,  i n  c o n ju n c t io n  w ith  th e  abundance o f  am p h ib ian s , p ro v id e d  an  
id e a l  s i t u a t i o n  f o r  th e  m a in ten an ce  o f  a  s y m p a tr ic  p o p u la t io n .  T h u s ly , 
th e  f e l l e d  t r e e s  from  th e  lo g g in g  p ro v id e d  ample s h e l t e r  f o r  b o th  s p e c i e s ;
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and  th e  abundance o f  fo o d  item s In  th e  pond p ro v id e d  th e  s t a p le s  f o r  th e  
s u p p o r t  o f  a  r e s id e n t  p o p u la t io n  o f  g a r t e r  sn a k e s . I n  such  a  s i t u a t i o n  
a s  t h i s ,  i t  was b e n e f i c i a l  t o  have man-made d i s tu r b a n c e ;  how ever, i f  th e  
lo g s  and b ru s h  w ere e v e r  b u rn ed  in  c l e a r i n g  o p e r a t io n s ,  b o th  s p e c ie s  in  
t h i s  p o p u la t io n  w ould be s e v e r e ly  a f f e c t e d .
J e t t e  Lake was a  p r iv a t e  la k e  t h a t  was in  th e  p ro c e ss  o f  c h an g in g  
o w n e rsh ip ; th e r e b y ,  i t  was b e in g  changed from a  o n e -fa m ily  la k e  t o  a  la k e  
su rro u n d e d  b y  s u b d iv is io n s  f o r  many f a m i l i e s .  Sam pling  o f  th e  p o p u la t io n  
to o k  p la c e  d u r in g  th e  t r a n s i t i o n ;  la n d  was b e in g  c le a r e d  and p i l e s  o f  
b ru s h  and b ra n c h e s  were b e in g  p la c e d  a lo n g  th e  m arg in  o f  th e  l a k e .
Members o f  b o th  s p e c ie s  w ere common; how ever, th e r e  was an  ob­
v io u s ly  g r e a t e r  number o f  w an d erin g  g a r t e r  sn a k es  th a n  r e d - s id e d  g a r t e r  
s n a k e s .  T h is  was d e m o n s tra te d  by  th e  d i f f e r e n c e  betw een  th e  number o f 
T . e le g a n s  v a g ra n s  ( i . e .  35) t h a t  w ere m arked and t h a t  o f  th e  T . s i r t a l i s  
p a r i e t a l i s  ( i . e .  2 0 ) .  B oth  s p e c ie s  had  h ig h  r e c a p tu r e  num bers; th e  
h i p e s t  number o f  r e c a p tu r e d  sn a k es  o c c u rre d  a t  t h i s  s i t e  (T ab le  5*3) • 
F iv e  w an d erin g  g a r t e r  sn a k es  w ere r e c a p tu r e d .  A l th o u ^  one r e c a p tu r e d  
in d iv id u a l  had  r e c e n t l y  d ie d ,  th e  number o f  r e c a p tu r e s  and th e  fre q u e n c y  
o f  m ark ing  w hich was 4*5 w an d erin g  g a r t e r  sn ak es  p e r  v i s i t  in d ic a te d  t h a t  
t h i s  was a  s t a b l e , h e a l th y  p o p u la t io n .
The h ig h  number o f  r e c a p tu r e s  in c re a s e d  th e  c r e d i b i l i t y  o f  th e  
model and re d u c e d  th e  s ta n d a rd  e r r o r ;  th e  e s t im a te  o f  106 ± 47 f o r  th e  
p o p u la t io n  s i z e  o f  T . e le g a n s  v a g ra n s  w as, t h e r e f o r e ,  a c c e p te d  a s  a  v a l i d  
d e s c r i p t io n  o f  t h i s  s p e c i e s .  The fre q u e n c y  o f  m ark ing  r e d - s id e d  g a r t e r  
sn a k e s  was 2 .5  i n d iv id u a ls  p e r  v i s i t ;  and  among th e  th r e e  r e c a p tu r e d  
s n a k e s , one in d iv id u a l  was c a p tu re d  tw ic e .  The o c c u rre n c e  o f th e  same
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i n d i v i d u a l  b e i n g  c a u g h t  on  d a t e s  a  y e a r  a p a r t  w as i n d i c a t i v e  o f  t h e  r e l a ­
t i v e  d e p e n d e n c e  o f  t h e  r e d —s i d e d  g a r t e r  s n a k e s  on  t h e  a q u a t i c  e c o s y s te m  
o f  J e t t e  L ake* T h u s ly ,  t h e  f a c t  t h a t  r e d - s i d e d  g a r t e r  s n a k e s  w e re  n o t  
a s  f r e q u e n t l y  fo u n d  w as r e c o g n iz e d  n o t  a s  a n  i n d i c a t o r  o f  a  t r a n s i e n t  
s p e c i e s t  b u t  t h a t  t h i s  e c o s y s te m  w as i n h a b i t e d  b y  a  s m a l l e r  p o p u l a t i o n  
o f  r e d - s i d e d  g a r t e r  s n a k e s *
Prom  f i e l d  o b s e r v a t i o n s  s o l e l y ,  t h e  s y m p a t r ic  p o p u l a t i o n  o f  
g a r t e r  s n a k e s  a p p e a r e d  t o  b e  i n  g o o d  c o n d i t i o n .  The m a g n itu d e  o f  d i s ­
t u r b a n c e  u p o n  t h e  p o p u l a t i o n  b y  t h e  c l e a r i n g  o p e r a t i o n s  w as unknown*
The f a c t  t h a t  th e  owner was co n ce rn e d  w ith  h a v in g  no m ajo r d is tu rb a n c e  
w i th in  a  6 1 -m e te r p e r ip h e ry  o f  th e  la k e  by  th e  w orkers o r by th e  f a m i l ie s  
was b e n e f i c i a l  t o  th e  snakes*  However, th e  home ran g e  o f  th e  g a r t e r  
sn a k es  h a s  b een  d e m o n s tra te d  t o  be  a t  l e a s t  two k i lo m e te r s  in  a r e a ;  and 
s e a s o n a l  changes i n  d i e t  w ould p ro b a b ly  cau se  th e  sn a k es  t o  h u n t i n  th e  
f o r e s te d  a r e a s  a ro u n d  th e  su b d iv id e d  p lo ts *  A fo llo w -u p  s tu d y  w ould be 
o f  im p o rtan ce  i n  t h i s  a r e a  i n  p a r t i c u l a r  t o  e s t im a te  th e  im pact upon th e  
p o p u la t io n  a f t e r  th e  c o m p le tio n  o f  th e  s u b d iv i s io n s .
S m ith  L ake w as t h e  a r e a  o f  m o s t u s a g e  b y  p e o p le *  The m a jo r  im­
p a c t  w as b y  v a c a t i o n e r s  fro m  o u t  o f  s t a t e *  T h e y , p lu s  t h e  l o c a l  p o p u lu s ,  
c o l l e c t e d  f r o g s ,  t o a d l e t s ,  a n d  e a r th w o rm s  i n  h a p p y  a b a n d o n  f o r  f i s h i n g .  
The im p a c t  o f  o v e r t u r n e d  l o g s ,  w h ic h  w e re  n o t  r o l l e d  b a c k  t o  t h e i r  o r ­
i g i n a l  p o s i t i o n  b y  t h e s e  f i s h e r m e n ,  w as unknow n* The l o g  d i s t u r b a n c e  
a n d  t h e  re m o v a l o f  p o s s i b l e  fo o d  i te m s  o f  g a r t e r  s n a k e s  com pounded t h e  
e n c ro a c h m e n t o f  men i n t o  t h e  l a k e ' s  e c o s y s te m *
T h i s  s i t e  w as v i s i t e d  l i t e r a l l y  b y  m ore p e o p le  p e r  u n i t  o f  l a n d  
t h a n  a n y  o t h e r  s i t e s .  T he m ere  e f f e c t  o f  p e o p le  w a lk in g  a lo n g  a
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s h o r e l in e  h a s  h e e n  re c o g n iz e d  a s  a  p r in c ip a l  t h r e a t  t o  th e  s t a b i l i t y  o f  
o rg an ism s w hich l i v e  a lo n g  th e  b e ac h es  a lo n g  th e  e a s t e r n  s e a b o a rd . I t  
c o u ld  o n ly  be s p e c u la te d  t h a t  t h i s , o th e r  th a n  th e  o th e r  two d i s tu r b a n c e s , 
was th e  c au se  o f  an  e x tre m e ly  sm a ll number o f  sn ak es  o f  b o th  s p e c ie s  
b e in g  found  ( i . e .  e i ^ t  w an d erin g  and I4 r e d - s id e d  g a r t e r  snakes i n  an 
a r e a  o f  800 m e te rs  by 90  m e te r s ) .
The s t a t i s t i c a l  model was i n e f f e c t i v e  i n  s u p p ly in g  an  e s t im a te  
o f  th e  p o p u la t io n  (T ab le  5 •4 )*  and th e  o n ly  v a l i d  d e s c r ip t io n  t h a t  co u ld  
be made a b o u t th e  sy m p a tr ic  p o p u la t io n  was a t t a i n e d  by  f i e l d  o b s e r v a t io n .  
I n  th e  f i e l d  I h u n d red s o f  f ro g s  w ere o b se rv ed  t o  be p re s e n t  a t  each  
v i s i t ;  a n d , b e c a u se  am ph ib ians w ere found t o  be o f  m ajo r im p o rtan ce  t o  
th e  r e d - s id e d  g a r t e r  snake  a s  a  s p e c ie s  (C h a p te r  IV , T ab le  4»5)» & sm a ll 
p o p u la t io n  c o u ld  b e  s u p p o r te d  i n  t h i s  h a b i t a t .  T h u sly , th e  h ig h e r  f r e ­
quency  o f  r e d - s id e d  g a r t e r  sn a k es  th a n  w an d erin g  g a r t e r  sn ak es a t  Sm ith 
Lake was c o n c lu d ed  a s  i n d ic a t i v e  o f  a  h a b i t a t  t h a t  fa v o re d  r e d - s id e d  
g a r t e r  s n a k e s .
E le v e n  v i s i t a t i o n s  w ere made t o  t h i s  s i t e ,  and l e s s  th a n  one 
sn ak e  o f  e i t h e r  s p e c ie s  was found p e r  v i s i t .  The r a t e  a t  w hich th e  s i t e  
h a s  in c r e a s e d  in  u se  by  p eo p le  each  y e a r  was no t e s t im a te d .  However, i t  
h a s  b een  c o n c lu d ed  b y  t h i s  su rv e y  on th e  g a r t e r  snsdces by a  m a rk -re c a p tu re  
m ethod t h a t  th e  s i t e  h a s  n o t s u p p o r te d  a  s t a b l e  p o p u la t io n  o f  e i t h e r  
s p e c ie s  f o r  a  p e r io d  o f  t im e .  I f  th e  M ontana D epartm ent o f  P is h  and Game 
e v e r  r e g u la te d  th e  amount o f  u sag e  by th e  p e o p le , i t  h as b een  h y p o th e s iz e d  
t h a t  th e  r e d - s id e d  g a r t e r  snake  w ould r e a d i l y  re in v a d e  th e  e co sy s tem .
Lake R ogers was u n l ik e  Sm ith  Lake i n  i t s  u sag e  by p eo p le  and 
abundance o f  g a r t e r  s n a k e s ,  how ever i t  was s i m i l a r  i n  a r e a  and i n  i t s
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a t t r a c t i o n  f o r  w a te r fo w l. S e v e n ty - s ix  g a r t e r  sn ak es  w ere m arked; th e s e  
in c lu d e d  34 r e d - s id e d  g a r t e r  sn a k es  and 42 w an d erin g  g a r t e r  s n a k e s .
T here  was a  m inor d i f f e r e n c e  in  number betw een  th e  number o f  sn a k es  
m arked i n  each  s p e c ie s ;  b u t  th e  s t a t i s t i c a l  e s t im a te  in d ic a te d  a n  abun­
dance  o f  w an d erin g  g a r t e r  s n a k e s .  The d i f f e r e n c e  was on a  tw o - fo ld  
s c a l e  (T a b le  5*4)»
The s t a t i s t i c a l  e s t im a te  d id  n o t p ro c u re  an  a c c u ra te  answ er on 
th e  p ro p o r t io n s  o f  in d iv id u a ls  o f  each  s p e c i e s .  The a t t r i b u t i n g  f a c t o r s ,  
t h a t  c au se d  th e  c a p tu re  o f  more T . e .  v a g ra n s  th a n  T . s ,  p a r i e t a l i s , were 
th e  a q u a t ic  o r i e n t a t i o n  o f  T . s ,  p a r i e t a l i s  and th e  i n a c c e s s i b i l i t y  o f  
th e  m ats o f  a q u a t ic  v e g e ta t io n  upon w hich t h i s  s p e c ie s  r e s t e d .  T here­
f o r e ,  i t  was p ro b a b le  t h a t  th e r e  was a s  l a r g e  o r  l a r g e r  p o p u la t io n s  o f  
T . 8 .  p a r i e t a l i s  th a n  T . e .  v a g ra n s  a t  t h i s  s i t e .
R e g a rd le s s  o f  th e  e s t i m a t e 's  a c c u ra c y , t h i s  s i t e  had  th e  g r e a t e s t  
c o n c e n tr a t io n  o f  g a r t e r  s n a k e s . The M ontana D epartm ent o f  F is h  and  Game 
had  a llo w e d  o n ly  n o n -m o to rize d  b o a t in g  and no f i s h i n g ;  th e s e  s t i p u l a ­
t i o n s ,  p lu s  th e  f a c t  t h a t  th e  la k e  was u se d  a s  a  b re e d in g  s i t e  f o r  
g r a y l in g ,  a t t r i b u t e d  t o  th e  s l i g h t  u se  by  p eop le  o f  th e  l a k e .  Not more 
th a n  15 t o  20 p eo p le  w ere s e e n  a lo n g  th e  m arg in  o f  th e  la k e  w hich was 
s tu d ie d  in  t h i s  s u rv e y . S im i la r  t o  J e t t e  L ake, t h i s  l a k e 's  m arg in  a l s o  
h a s  b een  s u b d iv id e d  i n t o  p l o t s ,  w ith  9 0 -y e a r  le a s e s  from  th e  U .S . F o re s t  
S e r v ic e .  A p r e d i c t i o n  o f  th e  e f f e c t  t h a t  th e s e  s u b d iv is io n s  w i l l  have 
upon th e  d i v e r s i t y  o f  o rg an ism s was in e s t im a ta b l e .
W ith c o n s id e r a t io n  t o  th e  c u r r e n t  s t a t u s  o f  th e  l a k e ,  th e  
p re s e n c e  o f  d i s tu r b a n c e s  h a s  n o t b e en  a s  c r i t i c a l  a  f a c t o r  i n  th e  e x i s t ­
ence o f  a  s y m p a tr ic  p o p u la t io n  o f  g a r t e r  sn a k e s  a s  h a s  th e  k in d  o f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
94
d i s t u r b a n c e s .  The s t a t e ’ s  l i m i t a t i o n s  on  i t s  u s e ,  t h e  random  v i s i t s  b y  
l o c a l  p e o p le  a n d  t h e  o c c a s i o n a l  t r a f f i c  t o g e t h e r  c a u s e d  t h e  n a t u r a l  
e q u i l i b r i u m  o f  t h e  a q u a t i c  s y s te m  t o  b e  m a i n t a i n e d .  The o n ly  n o t i c e a b l e  
d i s t u r b a n c e s  t h a t  h a v e  a f f e c t e d  t h e  im m e d ia te  a r e a  w e re  t h e  h e r d  o f  
c a t t l e  w h ic h  c a u s e d  t h e  p a c k in g  down o f  t h e  s o i l  on  t h e  s h o r e l i n e ,  a n d  
t h e  t h i n n i n g  o p e r a t i o n s  b y  t h e  U .S .  F o r e s t  S e r v i c e .  H o w ev er, t h e s e  h a v e  
n o t  b e e n  p r o v e n  t o  c a u s e  a d v e r s e  e f f e c t s  i n  t h e  s i t u a t i o n  o f  J e t t e  P o n d ; 
t h e r e f o r e ,  i t  w as c o n c lu d e d  t h a t  t h e  p r e v e n t i o n  o f  r e c r e a t i o n  u s a g e  on  
t h e  l a k e  w as d i r e c t l y  r e l a t e d  t o  t h e  p l e n t i f u l  num ber o f  a n im a l s ,  e s ­
p e c i a l l y  g a r t e r  s n a k e s .
Mud L ake p r e s e n t e d  a  u n iq u e  p ro b le m  b e c a u s e  t h e  p h y s i c a l  d i s ­
t u r b a n c e s  t o  t h e  l a k e  a n d  i t s  p e r i p h e r y  w e re  m in im a l ; t h e  e m p h a s is  on  
r e c r e a t i o n a l  a c t i v i t i e s  w as c e n t e r e d  a t  L ake F i v e ,  w h ic h  d r a i n e d  i n t o  
Mud L a k e . The p r e s e n c e  o f  s p e c i f i c  l e v e l s  o f  h e a v y  m e ta l s  i n  t h e  b i o t a  
w as a t t r i b u t e d  t o  t h e  d r a i n a g e  o f  w a t e r s  fro m  L ake F i v e .  T h is  w as t h e  
s i n g l e  d i s t u r b a n c e  t h a t  w as o b s e r v e d  t o  h a v e  a f f e c t e d  t h e  b a c k g ro u n d  c o n ­
c e n t r a t i o n s  o f  l e a d  a n d  m e rc u ry  w h ic h  w ere  p r e s e n t  i n  t h e  g a r t e r  s n a k e s  
a n d  f r o g s .
The a b s e n c e  o f  u s a g e  b y  p e o p le  s i m i l a r  t o  t h a t  o f  S m ith  L a k e , 
a n d  t h e  o c c u r r e n c e  o f  a  s m a l l  p o p u l a t i o n  o f  w a n d e r in g  g a r t e r  s n a k e s ,  
b o t h  s u g g e s t e d  t h a t  t h e  s i t e  w as c a p a b le  o f  b e i n g  i n h a b i t e d  b y  t h e  r e d ­
s i d e d  g a r t e r  s n a k e .  H o w ev e r, a f t e r  t h e  f i r s t  few  v i s i t a t i o n s ,  t h e  l a c k  
o f  T .  8 .  p a r i e t a l i s  w as a p p a r e n t  a n d  p u z z l i n g .  The fo o d  i te m s  w e re  
p r e s e n t  t o  s u p p o r t  t h e  s p e c i e s  ; b u t  t h e r e  m ust h a v e  b e e n  some b a r r i e r s , 
n a t u r a l  a n d / o r  m anr-m ade, t h a t  p r e v e n t e d  t h e  i n h a b i t a t i o n  b y  r e d - s i d e d  
g a r t e r  s n a k e  s p e c i e s .
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The e s t im a t io n  from  th e  s t a t i s t i c a l  model was e q u a l ly  a s  p u z z l in g  
i n  i t s  an sw er f o r  th e  p o p u la t io n  o f  w an d erin g  g a r t e r  s n a k e s . The low er 
e s t im a te  o f  z e ro  was r e j e c t e d  b e c a u se  a t  l e a s t  19 s n a k e s , w hich were 
m arked , r e s id e d  t h e r e .  The f a c t  t h a t  th e  same snake was caugh t tw ic e  i n  
th e  same a r e a  o f  th e  la k e  a l s o  c e r t i f i e d  a  dependence o f  t h i s  s p e c ie s  
upon  th e  a r e a .  The u p p e r  e s t im a te  o f  172 in d iv id u a ls  was r e j e c t e d  b ecau se  
o f  th e  r e l a t i v e  s i z e  o f  th e  a r e a  exam ined and th e  low number o f  in d iv id u a ls  
w hich w ere found  in  t h a t  a r e a .
The d i f f e r e n t  c o lo r a t i o n  o f  th e  in d iv id u a ls  v e rs u s  o th e r s  o f  th e  
same s p e c ie s  from  o th e r  s i t e s  in d ic a te d  a  d i s t i n c t  gene pool i n  th e  a r e a  
o f  Mud L ake. The answ er t o  th e  q u e s t io n  o f  how la r g e  th e  p o p u la t io n  was 
and  why no r e d - s id e d  g a r t e r  sn a k es  w ere found  h as  t o  be  answ ered  by  f u r ­
t h e r  r e s e a r c h .  T h e re fo r e ,  a  c o r r e l a t i o n  betw een  th e  d is tu rb a n c e s  and 
th e  u se  o f  a  p o p u la t io n  s i z e  a s  a n  i n d ic a t o r  o f  d is tu rb a n c e  was no t a b le  
t o  be  made a t  t h i s  s i t e .
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CHAPTER VI 
GENETIC VARIATION
T h is  s tu d y  o f  g e n e t ic  v a r i a t i o n  w i th in  th e s e  two s p e c ie s  was b a se d  
on s c a l e  c o u n ts  and body le n g th  m easu rem en ts . In  o rd e r  t o  o b ta in  a  com­
p re h e n s iv e  view  o f  th e  v a r i a t i o n  t h a t  e x i s t s  i n  w e s te rn  K ontana, t h i s  
su rv e y  was b ro k e n  in to  s e c t io n s  w hich c o n c e n tr a te d  on d i f f e r e n t  a s p e c t s .  
The s e c t io n s  c o n s i s t e d  o f  th e  fo l lo w in g ;  1) an i n v e s t i g a t i o n  o f  th r e e  
l i t t e r s  o f  g a r t e r  s n a k e s ,  w hich w ere produced, from  g ra v id  fem a le s  w i th in  
t h e  l a b o r a to r y ;  2) an  i n v e s t i g a t i o n  o f  th e  v a r i a t i o n  w ith in  each  s tu d y  
s i t e ;  3 ) a  s t a t i s t i c a l  a n a ly s i s  o f  a  s tu d y  com ple ted  by  Todd (19^5) f o r  
c o r r e l a t i o n  w ith  d a ta  from  s tu d y  s i t e s ;  and  4 ) a  rev iew  o f  p re s e rv e d  
specim ens c o l l e c t e d  by  B runson  from  1947 t o  1954 f o r  co m p ara tiv e  p u rp o se s . 
Each s e c t i o n  h as  b een  t r e a t e d  in d iv id u a l ly  f o r  th e  pu rpose  o f  c l a r i t y ;  
how ever, r e f e r r a l s  have b e en  made t o  o th e r s  w i th in  each  s e c t i o n ,
GENETIC VARIATION WITHIN LITTERS
A l th o u ^  s c a le  c o u n ts  and s c a l e  p a t t e r n s  have b een  a  s ta n d a rd  
mode t o  i d e n t i f y  a  s p e c ie s  (S chm id t and  D avis 1941); s e x u a l d im orph ic  
t r a i t s  have a l s o  b e en  in c lu d e d  in  s p e c i f i c  d e s c r i p t i o n s .  L ength  i s  one 
such  t r a i t .  In  T . e .  v a g ra n s , a d u l t  m ales have av e rag e d  s m a lle r  i n  s i z e  
th a n  fem a le s  ( P le h a r ty  1967) ;  i n  T . s .  s i r t a l i s , a  c lo s e  r e l a t i v e  o f  T . s .  
p a r i e t a l i s , m a le s , a t  b i r t h ,  w ere s i g n i f i c a n t l y  l a r g e r  (B la n c h a rd  and 
B la n c h a rd  1942, M arto f 1954)» T h is  r e l a t i o n s h i p  changed a s  th e  fem a le s  
m atu red  (B la n c h a rd  and  B la n c h a rd  1942); th e y  became lo n g e r  th a n  th e  m a le s .
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T h is  se x u a l d im o rp h ic  t r a i t  was a n a ly z e d  in  th e  l i t t e r s  from  th r e e  
g r a v id  fe m a le s  w hich w ere c o l l e c t e d  from  d i f f e r e n t  s i t e s  in  th e  e a r ly  
summer s e a s o n . At th e  tim e  o f  c a p t u r e , a l l  th e  fem a le s  were v e ry  la r g e  
and o b v io u s ly  g r a v id ;  how ever, th e  tim e  o f  g e s t a t io n  o f  th e  ova was d i f ­
f i c u l t  t o  e s t im a te .  T h is  was b e ca u se  th e  s p e c ie s  Thamnophis had  b een  ob­
s e rv e d  t o  m ate i n  s p r in g  a n d /o r  f a l l  i n  d i f f e r e n t  p o p u la t io n s  (B lan c h a rd  
and B la n c h a rd  1942, G regory  1974)» Once c o p u la t io n  h as  o c c u r re d , th e  
fem ale  can  s t o r e  l i v i n g  sp e rm ato zo a  in  i t s  o v ia u c ts ,  u n t i l  o v u la t io n  i s  
c o m p le te d ; i n  t h i s  m anner, a  fem ale  can  d e la y  f e r t i l i z a t i o n  d u r in g  
h ib e r n a t io n  (G rego ry  1974)»
The fem a le s  w ere m a in ta in e d  in  th e  la b o r a to r y  f o r  v a r io u s  d u ra ­
t i o n s  o f  t im e .  The l i v e s  o f  th e  fem a le s  were te rm in a te d  when th e  s ta g e  
o f  developm ent o f  em bryos was e s t im a te d  t o  be c lo s e  t o  m a tu ra t io n . In  
two o f  th e  g a r t e r  s n a k e s , th e  embryos w ere m atu re  a n d , upon r e l e a s e  from 
th e  u t e r u s ,  were a b le  t o  move and  b r e a th e .  I n  each fe m a le , a  ran g e  o f 
em bryonic developm ent e x i s t e d ;  th e  embryos t h a t  were in  th e  most advanced  
s ta g e s  o f  developm ent w ere n e a r e s t  t o  th e  c lo a c a  (T ab le  6 . 1 ) .
The sn ak es w i th in  each  l i t t e r  w ere m easu red , and  a l l  t h e i r  s c a le  
c o u n ts  w ere made, e x c e p tin g  i n  th e  c a se  o f  Brood I .  The young i n  t h i s  
l i t t e r  w ere t h e  l e a s t  d e v e lo p e d , and  th e  v e n t r a l  s c a le s  were no t r e a d i ly  
v i s i b l e  f o r  c o u n ts .  L ength  was m easured  in  two p a r t s ;  sn o u t t o  v e n t ,  
and t a i l .  A m ethod o f  co m p a riso n , w hich was a d o p te d  from M arto f (1 9 5 4 ) , 
was u s e d .  The r a t i o  o f  th e  t a i l  t o  th e  s n o u t-v e n t  m easurem ent was f o r ­
m u la te d ; t h i s  h a s  b een  p ro v en  t o  show th e  m ost s i g n i f i c a n t  d i f f e r e n c e  in  
th e  se x u a l d im o rp h ic  t r a i t  f o r  th e  sn a k es  s tu d ie d  by M arto f (1954)*  The
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Table 6 .1 - -Com parison o f  Embryonic Snakes and Female P a ren ts
S pec ies Brood Number S cale  Counts Body Lengths by Sex (cm)Number o f Young V e n tra l Caudal Sex Snout-V ent T a il(se x ) Range Mean Range Mean Range Mean Range Mean
! •  e* V. I
Female
P aren t
12 M, 6 F 
and 1 egg
----- ------- 67-84 75
164 70
K
F
4 .0+ -10 .5
7 .9- 10.5
57 .8
9 .2
9 .5
2 .0- 3 .7 
2 .6 -3 .5
15.7
3 .2
3.1
T . e .  V. I I
4 M, 8 F
and 2 eggs 
and 1 h a l f ­
developed
156-178 167 57-84  74 MF
14. 7- 16.0
11 .4 - 16.9
15.4
15.4
4 .2—4 .9
3 . 2- 5 .4
4 .5
4 .7
egg
2* Ë* £*
Female
P aren t
I I I
Female
P aren t
166 55
6 M, 7 F 147-166 155 76-89 82 MF
155 26"̂
6 1 . 5
16,0- 17.0
16. 2- 16.8
58.8
16.6
16.4
14.5
5 .1 -5 .8
5 .1 -5 .9
7.8+
5.5
5 .5
E xtrem ely  immature male embryo.
Broken t a i l .
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co m p ariso n  o f  th e  t a i l  le n g th  t o  th e  t o t a l  body le n g th  h as been  u se d  more 
commonly (C onant 1951)» how ever, th e  t a i l  was com pared in  p a r t  t o  i t s e l f  
by t h i s  m ethod.
In  th e  c a se  o f  th e  l i t t e r s  i n  t h i s  su rv e y  no s i g n i f i c a n t  d i f f e r ­
ence  o f  le n g th s  was o b se rv ed  be tw een  th e  two s e x e s .  W ith in  Brood I ,  th e  
r a t i o  o f  t a i l  le n g th  t o  s n o u t-v e n t  le n g th  f o r  m ales av e rag e d  34 p e rc e n t 
( r a n g e ;  30 t o  3 8 ) ,  and  fem a le s  a v e rag e d  33 p e rc e n t ( r a n g e :  30 t o  3 6 ) .  
(The v e ry  s m a l l ,  p a r t i a l l y  d ev e lo p ed  m ale was o m itte d  in  th e  a v e r a g e .)  
W ith in  B rood I I ,  th e  r a t i o  f o r  m ales a v e rag e d  30 p e rc e n t ( r a n g e :  26 to
3 1 ) Î fem a le s  a v e ra g e d  31 p e rc e n t  ( r a n g e :  2 8  t o  3 3 ) .  W ith in  Brood I I I ,
th e  m ales a v e ra g e d  34 p e rc e n t  ( r a n g e :  31 t o  35)» th e  fem a le s  a v e rag e d
34 p e rc e n t  ( r a n g e :  31 t o  3 6 ) .  A lthough  th e  r e s u l t s  were no t s i g n i f i c a n t
th e  v a lu e  o f  t h i s  r a t i o  h a s  been  u sed  a s  an  a l t e r n a t i v e  t o  th e  m ethod o f  
Conant ( I 9 5 l ) *  And i n  f u r t h e r  s t u d i e s ,  t h i s  r a t i o  w ould be o f more v a lu e  
t o  th e  i n v e s t i g a t o r  th a n  t o t a l  le n g th  co m p a riso n s . I t  would be o f  in ­
t e r e s t  t o  i n v e s t i g a t e  w h e th e r t h i s  r a t i o  w i th in  in d iv id u a l  sn a k es  was 
c o n s ta n t  th ro u g h o u t t h e i r  l i f e  sp a n .
The t y p i c a l  s c a le  coun t o f  each  s p e c ie s  was fa v o re d  w i th in  an  
in d iv id u a l  l i t t e r  (T a b le  6 . 2 ) .  I n  T . £ .  v a g ra n s  (Brood I  and I I ) ,  th e  
l i t t e r s  had  a  m a jo r i ty  o f  th e  in d iv id u a l s  w ith  th e  norm al l a b i a l  co u n t : 
(8 -8 )  ( 10- 10) .  The p e rc e n ta g e s  w ere 44 and 5° p e r c e n t ,  r e s p e c t iv e ly .  In  
T . p a r i e t a l i s  (B rood I I I ) ,  92 p e rc e n t  o f  th e  l i t t e r  had th e  norm al 
l a b i a l  c o u n t:  (7 -7 )  ( 1 0 - 1 0 ) ,
W ith in  t h e  l i t t e r  o f  T . s .  p a r i e t a l i s , i t  w as n o t i c e d  t h a t  f e m a le s  
h a d  m ore i r r e g u l a r  l a b i a l  c o u n t s  t h a n  m a le s .  I n  t h i s  e x a m p le , 2 9 .0  p e r ­
c e n t  o f  t h e  f e m a le s  w e re  c o m p a re d  t o  0 .0  p e r c e n t  o f  t h e  m a le s .  I n  T . e .
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Table 6 .2 ——L abial Count W ithin th e  L it t e r s
S p e c ie s B ro o d L a b ia l C ount Number o f I n d i v i d u a l sNumber U p p er
( R i g h t - L e f t )
Low er
( R ig h t- L e f t )
M ale F em ale
T . e .  V* I
(8 - 8 )  
(8 - 8 )  
( 8 -8 )  
(8 -8 )  
(8 -8 )  
(8 -6 )  
( 8 -9 )  
(7 -8 )  
( 7 -8 ) 
(9 -8 )
(1 0 -1 0 ) 
(1 0 -  9 ) 
( 1 0 -  8) 
( 9 -  9 ) 
( 8~ 9 ) 
( 9 -  9) 
( 9 -  9 ) 
( 9 - iu )  
(1 0 -  9 ) 
( 9 -  9 )
4
2
0
1
1
1
0
1
1
1
4
0
1
0
0
0
1
0
0
0
T* e .  V. I I
(8 -8 )
(8 -8 )
( 8- 8 ) 
(8 -7 )  
( 8 -7 )  
(8 - 7 )  
( 7 -8 )
(1 0 -1 0 ) 
(10^^ 9 ) 
(1 0 -  8 ) 
(1 0 -1 0 ) 
(1 0 -  9 ) 
( 9 -  9 ) 
( 9 -  9 )
1
0
0
1
1
1
0
5
1
1
0
0
0
1
T . s .  £ . I I I
( 7 -7 )
(7 -7 )
( 8—8 )
(1 0 -1 0 ) 
(1 0 -  9 ) 
(1 0 -1 0 )
6
0
0
5
1
1
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v a g ra n s I th e  m ales had  more abnorm al c o u n ts ;  i n  Brood I  (6 7 .0  t o  33 
p e rc e n t  o f  f e m a le s ) ,  and in  B rood I I  (7 5 .0  t o  38 p e rc e n t o f  f e m a le s ) .
The means o f  th e  v e n t r a l  and  c au d a l s c a le  c o u n ts  o f  th e  young 
d id  n o t v a ry  much from  t h a t  o f  th e  m o th e r. In  Brood I ,  th e  v e n t r a l s  were 
n o t com pared , th e  c a u d a ls  a v e ra g e d  7 5 t th e  m other had  a  coun t o f  70 
c a u d a l s .  I n  B rood I I ,  th e  v e n t r a l s  a v e rag e d  167 and th e  c au d a l s  74 , th e  
m o ther had  a  co u n t o f  166 v e n t r a l s  and  55 c a u d a ls .  I n  Brood I I I ,  th e  
v e n t r a l s  a v e ra g e d  155 and th e  c a u d a ls  82 ; th e  m other had  a  coun t o f  155 
v e n t r a l s  and  26 c a u d a ls .  The t a i l  was b ro k en  on th e  T . s .  p a r i e t a l i s  
fe m a le .
I n  l i t t e r s  o f  b o th  s p e c ie s ,  two a n o m a lie s  w ere p r e s e n t .  These 
a b n o rm a li t ie s  w ere more p r e v a le n t  in  th e  l i t t e r s  th a n  o b se rv ed  in  th e  
f i e l d  o r  i n  th e  p re s e rv e d  sp e c im en s . I n  Brood I I I ,  th e  ju v e n i le s  had  
e x t r a  s c a l e s  b e tw een  th e  b a se  o f  th e  u p p e r  l a b i a l  s c a l e s .  (S ee  F ig u re  
G and T ab le  6 .3 » )  I n  t h i s  l i t t e r  o f  th e  fem ale  T . s .  p a r i e t a l i s , 62 p e r­
c e n t h ad  e x t r a  l a b i a l  s c a l e s ;  i n  a l l  th e  s tu d y  s i t e s ,  e x ce p t kud L ake, 
i t  was o b se rv e d . H ow ever, th e  p e rc e n t  o f  th e  p o p u la t io n  ran g e d  from  10 
t o  27 . I n  th e  p re s e rv e d  sp e c im en s , i t  was p re s e n t  i n  25 p e rc e n t o f  th e  
in d iv id u a l  sn a k e s .
T h is  g r a v i d  T . s .  p a r i e t a l i s , h o w e v e r , d i d  h a v e  a n  e x t r a  s c a l e ,  
w h ic h  w as in c o m p le te  a n d  d i v i d e d  tw o  n o rm a l s c a l e s ,  on  i t s  r i g h t  la b iu m , 
a n d  p r o b a b ly  w as p a r t i a l l y  t h e  c a u s e  f o r  t h e  h ig h  o c c u r r e n c e  i n  t h e  l i t ­
t e r .  I t  s h o u ld  b e  n o te d  t h a t  t h i s  fe m a le  w as c h o s e n  fro m  S m ith  L ake a t  
ra n d o m ; i n  o t h e r  w o r d s ,  t h e  s n a k e  w as n o t  c h o s e n  b e c a u s e  i t  p o s s e s s e d  
t h e  t r a i t .
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e x t r a  l a b i a l — u p p e r
l a b i a l  —  lo w e r
F i g u r e  G . E x t r a  L a b i a l  Phenom enon i n  T h am n o p h is  s i r t a l i s  p a r i e t a l i s
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T ab le  6*3*—L a b ia l  Anomaly i n  Thamnophis s i r t a l i s  p a r i é t a l i s
L a b ia l  C ount
S p e c ie s  Age C la ss N Upper 
(R ig h t t o  L e f t)
N Lower 
(R ig h t t o  L e f t )
T . £ •  Fem ale P a ren t — 7 '- 8 •— 10-10
J u v e n i le 4 7 - 7 12 10-10
1 7 '- 7 1 10- 9
2 7 '- 7 '
1 7 * -7 °
1 7 - 7 '
2 7 ° -7 '
1 7 -7®
1 8 -8
• = 7 th  s c a le  had e x t r a s c a le b e s id e i t .
o = 6 th  s c a le  had e x t r a s c a le b e s id e i t .
T ab le  6 . Caudal  A nom alies i n  th e  Young o f  B oth B roods o f  
T . e le v e n s  v a g ra n s  and T h e ir  Female P a re n ts
S p e c ie s N (S ex ) Age C la ss Number o f  U nd iv ided  C audals
T . e .  V . 2F P a re n ts 0
9 P , 11M J u v e n i le 0
IF , — J u v e n i le 1
IP , 1M J u v e n i le 2
—  , 1M J u v e n i le 3
—  , 1M J u v e n i le 4
2F, 1M J u v e n i le 5
IF , — J u v e n i le 11
— , 1M J u v e n i le 14
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The seco n d  anom aly was in  th e  o th e r  s p e c ie s  (T ab le  6 . 4 ) .  The 
p re s e n c e  o f  u n d iv id e d  c a u d a ls  i s  f r e q u e n t ly  found u s u a l ly  n e a r  th e  b a se  
o f  th e  t a i l  i n  s e t s  o f  two o r  more c o n s e c u tiv e  s c a l e s .  In  Brood I ,  22  
p e rc e n t  h ad  th e  anom aly; i n  Brood I I ,  $0 p e rc e n t had  i t .  N e ith e r  o f  th e  
g r a v id  fe m a le s  h ad  u n d iv id e d  c a u d a ls .  I n  th e  s tu d y  s i t e s ,  th e  in d iv id u a ls  
i n  each  p o p u la t io n  t h a t  had  u n d iv id e d  c a u d a ls  ran g ed  from  0 t o  I4  p e rc e n t 
o f  th e  s e p a r a te  p o p u la t io n s  ; and in  th e  p re s e rv e d  sp e c im e n s , 20 p e rc e n t 
p o s s e s se d  th e  anom aly .
GENETIC VARIATIONS AT THE STUDY SITES
I n  each  s i t e  th e  le n g th  o f  a n im a ls  was compared among th e  a d u l t
m ales and  fem a le s  i n  each  p o p u la t io n .  Each p o p u la t io n  o f  sy m p a tr ic  
s p e c ie s  was s e p a r a te d  in to  s u b -p o p u la tio n s  w hich c o n s i s te d  o f  one s p e c i e s ,
and  th e n  th e  s u b -p o p u la t io n  was s e p a r a te d  in to  c a t e g o r i e s .  These c a t ­
e g o r ie s  w ere j u v e n i l e ,  m a le , and fem ale  (T a b le s  5»'^ and $ . 2 ) .  J u v e n i le s  
were sn a k es  w hich w ere v i s i b l y  s e x u a l ly  im m ature by o b s e rv a t io n  in  th e  
f i e l d ;  and  c o n s e q u e n tly , t h e i r  s i z e  p re c lu d e d  th e  e n tra n c e  o f  th e  thermom­
e t e r  i n to  t h e i r  c lo a c a e .  T h e ir  s e x u a l  i d e n t i t y  c o u ld  have b een  le a rn e d  
o n ly  by  d i s s e c t i o n  in  a  l a b o r a to r y .
A lthough  a  s i m i l a r  p o p u la t io n  s tu d y  h as b een  done by a  c re e k  in  
C a l i f o r n ia  in  w hich a l l  th e  sn a k es  found  d u r in g  th e  su rv e y  wore p re s e rv e d  
and  a n a ly z e d  (W hite  and Kolb 1974)* th e  em phasis on t h i s  c u r r e n t  s tu d y  
was n o t p la c e d  in  t h i s  a r e a  o f  c o n c e n t r a t io n .  F u r th e rm o re , th e  c a p tu r e -  
r e c a p tu r e  d a ta  w ould have  b een  b ia s e d ;  and more im p o r ta n t ly ,  th e  damage 
t h a t  w ould have b een  done t o  th e  dynam ics o f  th e  in d iv id u a l  p o p u la t io n s  
would have b e en  u n d e te rm in a b le .
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T h u s ly , J u v e n i le s  ran g ed  2 0 .2 -4 7 » 1 cm in  body le n g th ,  and  a ü u l t  
m ales and fem a le s  ran g ed  41»0~77»0 cm. The o v e r la p  c o u ld  be e x p la in e d  
b y  th e  f i e l d  m ethods m en tioned  in  th e  p re v io u s  p a ra g rap h  in  r e g a rd s  t o  
r e c o g n i t io n  o f  se x u a l  i d e n t i t y .  C a rp e n te r  (1552) u se d  th e  ran g e  10-39 
cm a s  th e  J u v e n i le  b o dy , o r  s n o u t - v e n t ,  r a n g e , 4O-6O cm a s  th e  common 
a d u l t  body r a n g e ,  and  above 60 cm i n  body le n g th  a s  a  r a r e  o c c u rre n c e .
S n o u t-v e n t le n g th  was m easured  o t th e  n e a r e s t  m i l l im e te r ,  and 
th e  mean o f  th e  s n o u t-v e n t  le n g th  o f  each  se x  was com pared a t  each  s i t e  
(T a b le s  5 .1 and  5 » 2 ) .  I n  th r e e  o f  th e  f iv e  s i t e s ,  a d u l t  m ales were 
s m a l le r  th a n  th e  fem a le s  i n  th e  s p e c ie s ,  T . s i r t a l i s  p a r i e t a l i s . In  
fo u r  o f  th e  s i x  s i t e s  w ith  T . e le g a n s  v a g ra n s , a d u l t  m ales were l a r g e r  
th a n  th e  f e m a le s . The g e n e ra l  h y p o th e s is  on s i z e  f o r  g a r t e r  sn ak es 
s t a t e d  t h a t  a d u l t  m ales w ere u s u a l ly  c o n s id e ra b ly  s m a lle r  th a n  fem a le s  
(C a rp e n te r  1955i P le h a r ty  19671 W hite and Kolb 1974) and have a  s lo w e r 
r a t e  o f  g row th  ( P i t c h  1965)» The re a s o n  t h a t  some o f  th e s e  sn a k es  d i f ­
f e r e d  from  th e  h y p o th e s is  c o u ld  be e x p la in e d  by many f a c t o r s .
L ength  h a s  b een  u se d  a s  a  r e f l e c t i o n  o f  a g e , b u t grow th r a t e  in  
an  in d iv id u a l  h as  t o  be  a  r e f l e c t i o n  o f  i t s  e n v iro n m e n t. Each p o p u la t io n  
w hich was s tu d ie d  had  a  d i f f e r e n t  lo c u s  ( i . e .  a l t i t u d i n a l  and l a t i t u d i n a l  
c o o r d i n a t e s ) ; how ever, th e  g e n e ra l  h a b i t a t  was th e  sam e. T h e re fo re ,  each  
p o p u la t io n  o f  sn ak es  was a  s e p a r a te  e c o ty p e . The a d a p ta t io n s  u n d e r which 
th e  sn ak es  have gone was n o t i n v e s t i g a t e d  i n  t h i s  s tu d y ,  b u t i t  was 
h ig h ly  p ro b a b le  t h a t  v a r i a t i o n s  in  le n g th  o f  th e  s e a s o n a l  f e e d in g  p e r io d  
w ere p re s e n t  a t  each  lo c u s .  The a v e ra g e  l e n g th ,  grow th  r a t e ,  and m atu ra ­
t i o n  o f  th e  i n d iv id u a ls  i n  an e c o ty p e  w ould r e f l e c t  th e  s t r e s s e s  from
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t h e i r  p a r t i c u l a r  e n v iro n m en t. T h is  m ight have b een  one re a so n  f o r  th e  
v a r i a t i o n  found  in  th e  le n g th s  o f  b o th  se x e s  o f  s n a k e s .
L a b ia l  c o u n ts  o f  each  s p e c ie s  a t  each  s i t e  w ere made (A p p en d ix ); 
and  from  t h i s ,  two l i s t s  w ere made o f  th e  t o t a l  v a r i a t i o n  found in  each  
s p e c ie s  (T a b le s  6 . 5—6 . 8 ) .  The c o u n ts  t h a t  have been  u se d  a s  s ta n d a rd s  
f o r  b o th  s p e c ie s  w ere c o n s i s t e n t l y  th e  m a jo r i ty ;  a lth o u g h , i t  was n o t 
a lw ays o v e r h a l f  o f  th e  p o p u la t io n  (T a b le  6 . 9 ) .  B ecause o f  t h i s  o c cu r­
r e n c e ,  th e  coun t w hich made up  th e  n ex t h ig h e s t  p e rc e n ta g e  was compared 
among s i t e s  i n  o rd e r  t o  d is c o v e r  i f  a  t r e n d  e x i s t e d .
I n  two c a s e s ,  th e  n ex t most common c o u n ts  o f  th e  r e d - s id e d  
g a r t e r  sn a k e s  w ere s h a r e d .  The r e s u l t s  w ere a s  fo llo w s  : Sm ith  Lake and
J e t t e  Pond b o th  had  (7 -8 )  (1 0 -1 0 ) a s  second  h ig h ;  Lake R ogers had  (7 -9 )  
(1 0 -1 0 ) ;  Woods Pond and J e t t e  Pond had  (8 -1 0 )  (1 0 -1 0 ) ;  and J e t t e  Lake 
had  (8 -8 )  (1 0 -1 0 ) .
I n  th e  w an d erin g  g a r t e r  snake  no obv ious t r e n d  was se e n  among 
th e  second  most h ig h  c o u n ts  a t  th e  s i t e s .  The r e s u l t s  were a s  fo l lo w s :  
Sm ith  Lake and  J e t t e  Pond had  (7 -8 )  (1 0 -1 0 ) ;  Lake R ogers and J e t t e  Pond 
had  (8 -8 )  (9 -1 0 )»  Woods Pond had  (8 -8 )  ( 8 - 1 0 ) ;  and J e t t e  Lake had  (8 -7 )  
( 10- 10).
One t r e n d  was n o t ic e d ,  how ever, w hich in v o lv e d  th e  r e g u l a r i t y  o f  
th e  l a b i a l  c o u n ts .  The r e d - s id e d  g a r t e r  snake had  a  l a r g e r  p e rc e n ta g e  
o f  in d iv id u a ls  w ith  i r r e g u l a r  c o u n ts  i n  th e  u p p e r l a b i a l s  th a n  th e  
w an d erin g  g a r t e r  sn a k e ; and  th e  e x a c t  o p p o s i te  was t r u e  f o r  th e  w an d erin g  
g a r t e r  s n a k e s ' lo w er l a b i a l s .  At th e  s i t e s ,  th e  p e rc e n ta g e  o f  v a r i a t i o n  
in  th e  l a b i a l s  o f  th e  r e d - s id e d  g a r t e r  w e re : u p p e r , 29-56  p e rc e n t ;
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Table 6 . 5—-Labial S c a le  V a r ia tio n  in  Thamnophis e le g a n s  vagrans
Lower L a b ia ls  
(R ig h t-L e ft )
Upper L ab ia ls  
(R ig h t-L e ft)
Number o f  
In d iv id u a ls
T otal Number 
o f  In d iv id u a ls
(1 0 -1 0 ) (8 -8 ) 72 55
(1 0 -1 0 ) (8 -7 ) 5 4
(1 0 -1 0 ) (7 - 8 ) 8 6
(1 0 -1 0 ) (7 - 7 ) 2 1
(1 0 -1 0 ) (9 -8 ) 2 1
(1 0 -  9 ) (8 -8 ) 6 5
( 9 -1 0 ) (8 -8 ) 11 9
( 9 -1 0 ) (7 -8 ) 3 2
( 9 -1 0 ) (7 -7 ) 2 1
( 9 -  9 ) (7 -8 ) 1 1
( 9 -  9 ) (7 -7 ) 4 3
( 9 -  9 ) (8 -8 ) 6 5
( 9 -  8 ) (7 -7 ) 1 1
( 8 -1 0 ) (8 -8 ) 3 2
( 8 -  9 ) ( 8- 7 ) 1 1
( 8 -  8 ) (8 -8 ) 1 1
( 8 -  8 ) (7 -7 ) 1 1
( 8 -  8 ) (6 -8 ) 1 1
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T a b le  6 . 6— l a b i a l  S c a le  V a r i a t i o n  i n  T h am n o p h is  s i r t a l i s  p a r i e t a l i s
L ow er L a b i a l s  
( R i g h t - L e f t )
U p p e r L a b i a l s  
( R ig h t—L e f t )
Number o f  
I n d i v i d u a l s
T o ta l  Number 
o f  I n d i v i d u a l s
(1 0 -1 0 ) (7 -7 ) 37 35
(1 0 -1 0 ) (7 -8 ) 11 10
(1 0 -1 0 ) (8 -7 ) 14 13
(1 0 -1 0 ) (8 -8 ) 10 9 .5
(1 0 -1 0 ) (8 -9 ) 1 1
(1 0 -  9 ) (7 -7 ) 4 4
(1 0 -  9 ) (7 -8 ) 1 1
(1 0 -  9 ) (8 -7 ) 3 3
(1 1 -1 0 ) (8 -8 ) 1 1
(1 1 -1 0 ) (7 -8 ) 1 1
( 9 -1 0 ) (8 -8 ) 1 1
( 9 -1 0 ) (7 -8 ) 3 3
( 9 -1 0 ) (7 -7 ) 10 9 .5
( 9 -  9 ) (8 -8 ) 2 2
( 9 -  9 ) (7 -8 ) 2 2
( 9 -  9 ) (7 -7 ) 4 4
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T ab le  6 .7 — D i s t r i b u t io n  o f  Lower and Upper S c a le  Count in  
Thamnophis e le g a n s  v a g ra n s
Lower
( R ig h t- L e f t ) N P e rc e n ta g e
Upper
(R ig h t-L e f t ) N P e rc e n ts
(1 0 -1 0 ) 89 67 (8 -8 ) 99 76
( 9 -1 0 ) 16 12 (8 -7 ) 6 5
(1 0 -  9 ) 6 6 (7 -8 ) 12 9
( 9 -  9 ) 11 9 (7 -7 ) 10 7
( 8—10) 3 2 (9 -8 ) 2 2
( 8 -  8 ) 3 2 (6 -8 ) 1 1
( 9 -  8 ) 1 1
( 8— 9 ) 1 1
T ab le  6 .8 — D i s t r i b u t i o n  o f  Lower and Upper S c a le  Count in  
Thamnophis s i r t a l i s  p a r i e t a l i s
Lower
( R ig h t- L e f t ) N P e rce n tag e
Upper 
(R ig h t—lÆ ft ) N P e rce n tag e
(1 0 -1 0 ) 73 6 8 .5 (7 -7 ) 55 5 2 .5
( 9 -1 0 ) 14 13.5 (7 -8 ) 18 17
(1 0 -  9 ) 8 8 (8—7) 17 16
( 9 -  9 ) 8 8 (8 -8 ) 14 13.5
(1 1 -1 0 ) 2 2 (8 -9 ) 1 1
T ab le  6 .9 — P e rc e n ta g e  o f  Thamnophis w ith  T y p ic a l L a b ia l 
C ounts a t  Each S i t e
T y p ic a l S p e c ie s  
S c a le  Count
P e rc e n ta g e s  a t  S i t e s
S p e c ie s Woods
Pond
J e t t e
Pond
J e t t e
Lake
Lake Sm ith 
R ogers Lake
Mud.
Lake
(7 - 7 )  (1 0 -1 0 )  
(8 —8) ( 10—10)
T* s .  p .  
T . e .  V .
32
100
46
55
35
68
33 57 
55 36 50
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lo w e r t 14—42  p e r c e n t .  The p e rc e n ta g e  in  th e  l a b i a l s  o f  th e  w andering  
g a r t e r  w e re : u p p e r , 14-31 p e r c e n t ;  lo w e r, 23-34 p e r c e n t .
V e n tra ls  and c a u d a ls  w ere co u n ted  in  th e  f i e l d ,  and th e  f i r s t  40 
sn a k e s  o f  b o th  s p e c ie s  w ere c o u n te d . I t  was no t p u rsu ed  f u r t h e r  b ecau se  
o f  th e  am ple d a ta  a v a i l a b l e  i n  Todd ( 1965) and  th e  s tu d y  o f p re s e rv e d  
sp e c im e n s , w hich com bined w ould g iv e  an  a d e q u a te  d e s c r ip t io n  o f  th e  common 
c o u n ts  i n  w e s te rn  M ontana (T a b le s  6 .1 0  and 6 .1 1 ) .  (The d is c u s s io n  o f  th e  
t o t a l  o f  t h i s  s t u d y 's  d a ta ,  Todd ( 1965) ,  and th e  museum specim ens h as 
b een  p la c e d  i n  th e  f i n a l  s e c t i o n . )
The ran g e  f o r  th e  T . e .  v a g ra n s  from th e  s i t e s  was from 15I-ICO 
i n  v e n t r a l  c o u n t ,  and  56-IOO in  th e  c a u d a l c o u n t.  The most f r e q u e n t ly  
found  c o u n ts ,  r e s p e c t iv e ly ,  w ere be tw een  I66- I 7O and 71-75» The ran g e  
f o r  T . p a r i e t a l i s  from  th e  s i t e s  was from I46- I 9O in  v e n t r a l s  and 
6 1 -90  i n  c a u d a ls .  The m ost f r e q u e n t  c o u n ts  w ere be tw een  I6 I - I 65 and 
76- 8 0 , r e s p e c t i v e l y .  I n  b o th  c irc u m s ta n c e s  th e  c o u n ts  were in  agreem ent 
w ith  th e  s ta n d a rd  d e s c r i p t i o n .
The d o r s a l  row co u n t was a l s o  done in  th e  f i e l d ;  how ever, i t  
s e rv e d  a s  a  c o r r o l a r y  f o r  d a ta  t h a t  a l r e a d y  had  been  s u b s ta n t i a t e d  by 
su ch  a u t h o r i t i e s  a s  S te b b in s  ( 1966) .  I t  was n o t ,  t h e r e f o r e ,  co u n te d  on 
a l l  th e  s n a k e s .  The coun t p roved  t o  be q u i te  a  s t a b l e  c h a r a c t e r i s t i c  a s  
com pared t o  th e  l a b i a l  c o u n t .  The most common c o u n t, 21-21-17» was 
e x a c t ly  i n  ag reem en t w ith  th e  s p e c ie s  d e s c r i p t io n  f o r  T. e le g a n s  v a g r a n s ; 
and  th e  common c o u n t ,  19-19-17» d e s c r ib e d  T . s i r t a l i s  p a r i e t a l i s  c o r­
r e c t l y .  However, i n  b o th  s p e c ie s  q u i t e  a  v a r i a t i o n  in  coun t was n o te d  
(T a b le s  6 .1 2  and  6 .1 3 ) .
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T ab le  6 .1 0 — V a r ia t io n  in  V e n tra ls  and C audals in  T . e le g a n s  
v a g ra n s
P re s e n t  S tu d y N T o d d 's  S tudy P re se rv ed A ll
— V e n tra ls —
181-185 0 4 0 4
176-180 6 12 3 21
171-175 6 14 2 22
166-170 18 52 7 78
161-165 6 33 6 45
156-160 8 1 0 9
151-155 _ J l __0 __1_ __ 2
45 116 19 181
——C audals——
96 -100 1 0 0 1
91-95 1 0 0 1
86—90 0 6 1 7
81-85 9 8 4 21
76-80 11 11 3 25
71-75 13 19 6 38
6 6 -70 11 40 2 53
61-65 3 25 1 29
56-60 __0 _0
54 109* 17*
*
D if fe re n c e in  number o f  sn a k es  exam ined due t o  b ro k en  t a i l s omit
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Table 6 .11- - V a r i à t i o n  i n  V e n t r a l s  a n d  C a u d a ls  i n  T . s i r t a l i s  
p a r i e t a l i s
P r e s e n t  S tu d y N T o d d ’ s  S tudy P re se rv e d A ll
— V e n t r a l s —
186-190 1 0 0 1
I8 I - I 85 2 3 0 5
176-180 1 8 1 10
171-175 0 19 1 20
166-170 7 38 3 48
161-165 10 18 7 35
156-160 9 11 3 23
151-155 6 0 1 7
146-150 _0 _0 3
39 97 16 152
— C a u d a ls —
91-95 0 3 0 3
86-90 6 6 2 14
81-85 9 7 3 19
76-80 11 9 4 24
71-75 8 13 3 24
66-70 1 37 2 40
61-65 2 16 1 19
56—60 _0 __1 _0 1
37* 92* 15*
D i f f e r e n c e  i n  num ber o f  s n a k e s  e x am in ed  d u e  t o  b ro k e n  t a i l s  o m i t t e d .
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T ab le 6 .1 2 ——D o rsa l Row V a r ia t io n in  T . e le g a n s  v ag ran s
T o d d 's  S tu d y N P re se n t S tudy N P re se rv e d N
20-20 -17 17 20- 21-17 1 20- 20-17 1
20- 20-16 5 21- 21-17 10 20- 21-17 2
20- 20-19 2 21-20-17 1 21- 21-17 4
20 -19 -17 13 19- 19-17 1 20—21—16 1
20- 19-16 3 21-21-16 9 20-19-16 1
20—19—18 1 21- 19-17 2 21- 21-16 3
20- 21-17 9 21- 20-15 1 21-20-16 2
20- 21-16 5 21—19—16 3 21- 20-15 1
20- 21-18 3 19- 21-18 1 22- 17-17 1
21- 21-17 7 19- 17-18 1 22- 21-17 1
19- 20-17 10 21—17—16 1 20- 21-15 1
19—20—16 5 21—18—16 1
19- 20-18 2
19- 20-19 1
19- 20-15 1
19- 21-17 7
19- 21-19 2
19—21—16 2
21- 20-17 5
21-20-16 1
19- 19^17 5
19—19—1̂ 3
21- 19-17 3
21—19—16 1
20-22-18 1
20-18-17 1
21- 22-17 1
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T a b le 6 , 1 3— D o rs a l Row V a r i a t i o n i n  T . s i r t a l i s  p a r i e t a l i s
T o d d 's  S tu d y N P r e s e n t  S tu d y N P r e s e r v e d N
1 9 -1 9 -1 7 13 1 9 -1 9 -1 7 12 1 9 -1 9 -1 7 5
1 9 -1 9 -1 6 7 19—19—18 7 1 9 -1 8 -1 7 3
1 9 -1 9 -1 8 4 1 9 -1 7 -1 6 1 2 0 -1 9 -1 7 2
19—19*>16 3 1 9 -1 7 -1 8 1 1 9 -1 7 -1 7 2
1 9 -1 9 -1 5 2 19—18—16 1 2 0 -1 8 -1 7 1
1 9 -2 0 -1 7 16 2 0 -2 0 -1 9 1 1 8 -1 9 -1 7 1
1 9 -2 0 -1 6 7 2 0 -1 9 -1 7 1 1 8 -1 7 -1 7 1
1 9 -2 0 -1 8 2 2 1 -1 7 -1 7 1 1 9 -1 6 -1 7 1
1 9 -2 0 -1 5 1
2 0 -1 9 - 1 7 7
2 0 -1 9 -1 6 5
19—17—17 6
2 0 -2 0 -1 7 5
20- 20-18 2
1 8 -1 9 -1 7 3
18—19—16 2
1 9 -1 8 -1 7 2
1 9 -2 1 -1 7 2
19—21—16 2
2 0 -1 0 -1 6 2
2 1 -1 9 - 1 7 2
1 8 -2 0 -1 5 1
2 0 - 2 1 - 1 7 1
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The v a r i a t i o n  i n  b o th  t h i s  s tu d y  and Todd ( I 9 65 ) c o u ld  have been  
c a u se d  by  th e  v e ry  n a tu re  o f  c o u n tin g  th e  d o r s a l  row . I n  t h i s  s tu d y ,  a  
co u n t o f  th e  s c a le s  was made a c ro s s  th e  n e ck , a p p ro x im a te ly  5 -7  rows 
b ack  from  th e  b a se  o f  th e  h e a d , and a  second  a t  mid—body o f th e  sn a k e , 
and  a  t h i r d  a p p ro x im a te ly  10 rows a n t e r i a d  t o  th e  v e n t .  T h is  m ethod was 
n o t a s  e x a c t in g  a s  th e  fo rm u la  d e s c r ib e d  by  Schm idt and D avis ( I 5 4 I ) .
I n  a  t r u l y  taxonom ic rev ie w  o f  T ham nophis, Schm idt and D avis 
( 1941) w ould have t o  be  fo llo w e d . T h e ir  fo rm u la  e n t a i l e d  o b ta in in g  th e  
mean o f  a l l  th e  rows i n  each  a r e a  o f  th e  snake and n o t in g  th e  p la c e  where 
th e  s p e c i f i c  change i n  co u n t o c c u r s .  B ecause o n ly  one p la c e  was c o u n te d , 
t h r e e  t im e s  r e p e a te d ly ,  i n  each  s e c t i o n  o f  th e  sn a k e , a  h ig h e r  p r o b a b i l i t y  
e x i s t s  o f  f in d in g  d i f f e r i n g  s c a le  row c o u n ts  p e r  in d iv id u a l  specim en . In  
r e g a rd s  t o  th e  v a r i e t y  t h a t  was p re s e n t  i n  th e  l a b i a l s ,  s u r e ly  th e  g e n e t ic  
n a tu re  ( i . e .  gene p o o l)  o f  th e  s tu d y  s i t e s  must have in f lu e n c e d  th e  d o r s a l  
row co u n t a l s o .
The two a n o m a lie s , e x t r a  in co m p le te  s c a le s  be tw een  th e  u p p e r 
l a b i a l s  i n  th e  r e d - s id e d  g a r t e r  snake  and th e  u n d iv id e d  cau d a l s c a le s  i n  
th e  w an d erin g  g a r t e r  sn a k e , w ere se e n  w i th in  th e  s tu d y  s i t e s .  The oc­
c u rre n c e  o f  e x t r a  in co m p le te  l a b i a l s  was n o ted  a s  a  p e rc e n ta g e  o f  po p u la ­
t i o n .  The ran g e  among s tu d y  s i t e s  was from  10 t o  27 p e rc e n t (T ab le  6 . I 4 ) .
The o c c u rre n c e  o f  u n d iv id e d  c a u d a ls  ran g ed  from 0 to  I4 p e rc e n t 
o f  th e  p o p u la t io n s  a t  th e  s i t e s .  The number o f  u n d iv id e d  c a u d a ls  found  
on a n  in d iv id u a l  was l e s s  th a n  th e  ones found  i n  th e  young o f  th e  l i t t e r s ;  
a  row o f  two and th r e e  w ere f r e q u e n t .  The ran g e  in  th e  number o f  un­
d iv id e d  c a u d a ls  was 1 -6 , and  no se x u a l p re fe re n c e  was n o ted  (T a b le  6 . I 5 ) .
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T ab le  6 .14- “The Range o f Occurrence o f  Upper Labial Anomalies 
in  T. s i r t a l i s  p a r ie ta l is  a t the S ite s
S it e s N Range Percentage of  Population
J e tte  Lake
Smith Lake
8
1
1
2
4
4
9
1
1
1
1
7 -7  
7°~7\ 
80- 8/
8 -7  
8 -8  
7 —8
7 '-8  > 
7 * -8 i/
7 -8
10
21
Woods Pond
Lake Rogers
9
2
1
1
1
1
5
3
4
16
2
4
3
22
23
J e tte  Pond
5
4
1
4
2
1
1
27
•=7th sc a le  had ex tra  s c a le  b esid e  i t .  
o=6th sc a le  had e x tra  s c a le  b esid e  i t .
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T ab le  6 . 15—-The D is t r ib u t io n  o f  th e  O ccurrence o f  U ndivided  
C audal8 in  T . ele/^ans v a fy an s a t  th e  S i t e s
S i t e s
Number o f 
U ndiv ided  
C audals
Female Male J u v e n ile T o ta l P e rce n tag e  o f  T o ta l
Woods Pond 0 1 1 1 3 0
J e t t e  Lake
0
2
11
0
9
0
13
1
33
1 5
4 0 1 0 1
0 9 7 20 36
Lake R ogers 12
0
0
2
0
0
1
2
1 14
3 2 0 1 3
0 6 6 4 16
Mud Lake 2 0 1 0 1 11
3 0 1 0 1
J e t t e  Pond 0
3
5
1
3
0
11
0
19
1 5
Sm ith  Lake 06
2
0
1
1
4
0
7
1 12
T ab le 6 .1 6 —-Color V a r ia t io n in  Thamnophis s i r t a l i s  p a r i e t a l i s
S i t e s
V e n tra l  C o lo r Woods J e t t e  Lake J e t t e Smith Mud P e rce n tag e
Pond Lake R ogers Pond Lake Lake
Orange 8 1 0 2 2 0 12
B lue 0 0 0 0 1 0 1
B lack 3 0 1 1 2 0 6
W hite , Y ellow 16 19 33 15 9 0 81
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C o lo r h a s  b een  u se d  f o r  s ta n d a rd  i d e n t i f i c a t i o n  o f  s p e c ie s ;  how­
e v e r ,  d i f f e r e n t  c o lo r  p h a ses  o f  th e  same s p e c ie s  have b een  i d e n t i f i e d .
T his has been  a s s o c ia te d  w ith  th e  a b i l i t y  o f  an organism to  adapt to  i t s  
environm ent and b len d  in  w ith  th e  surrounding c o lo r s .  Color was s tu d ied  
in  both  s p e c ie s .  T . e le g a n s  d id  not d i f f e r  in  c o lo r  t o  a great e x te n t .  
Only a t  one s i t e ,  Mud Lake, were th e  in d iv id u a ls  d i s t i n c t l y  brown w ith  a 
v ery  f a in t  d o rsa l s t r i p e .
T . s i r t a l i s  was c o n s i s t e n t  i n  d o r s a l  c o lo r ,  b u t i t  had  much v a r i a ­
t i o n  i n  th e  c o lo r a t i o n  o f  i t s  v e n t r a le  and c a u d a ls .  I n  r e p t i l e s ,  th e  
c o lo r  on th e  u n d e rs id e  h a s  b een  c o r r e l a t e d  w ith  se x u a l  dim orphism  i n  th e  
m a le s ; o r  i n  th e  c a se  o f  a q u a t ic  s p e c i e s ,  th e  u n d e rs id e  t o  p re d a to r s  a c t s  
a s  a  cam ouflage  a g e n t .  The a c tu a l  re a s o n  f o r  th e  c o lo r  d i f f e r e n c e  se e n  
i n  th e s e  p o p u la t io n s  was n o t a t t r i b u t e d  t o  e i t h e r  dim orphism  o r  cam o u flag e .
The c o lo r  i n  th e  v e n t r a l s  and  c a u d a ls  ran g ed  from  w h ite  t o  y e llo w , 
t o  o ra n g e , b lu e  o r  b l a c k .  V/hite o r  y e llo w  w ere m ost common. Of a l l  th e  
r e d - s id e d  g a r t e r  s n a k e s , 81 p e rc e n t  w ere w h ite  and y e llo w  on th e  v e n t r a l  
s u r f a c e ;  12 p e rc e n t  w ere o range  ; 6 p e rc e n t  w ere b la c k ;  and 1 p e rc e n t  was 
b l u e .  As an  a s id e ,  th e  p o p u la t io n  a t  Woods Pond had th e  h ig h e s t  p e rc e n ta g e  
(3 0 )  w ith  o r a i^ e  c o lo r a t i o n  (T a b le  6 .1 6 ) .
GEOGRAPHIC VARIATION
The c o l l e c t i o n  o f  d a ta  on th e  r e d - s id e d  g a r t e r  snake and th e  
w an d erin g  g a r t e r  snake  c e n te r e d  a t  two lo c a t io n s  r e s p e c t iv e ly ,  K ick in g  
H orse  R e s e rv o ir  (T20N, R20W, S25 and  3 6 , Lake C ounty) and Nine P ipe  
N a tio n a l  W ild l i f e  R efuge (T20N, R20W, 5 3 3 , Lake C ounty) in  th e  s tu d y  by 
Todd ( 1965)» B ecause o f  th e  r e g io n a l  e m p h as is , ?1 ou t o f  th e  97
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r e d - s id e d  g a r t e r  sn a k es  w ere from  one lo c u s ,  and  89 ou t o f  th e  I I 6 
w a n d e rin g  g a r t e r  sn a k es  w ere from th e  o th e r  lo c u s .
A lthough  Todd d id  n o t c o n s id e r  h i s  s i t e s  s e p a r a t e ly ,  he l i s t e d  
th e  l a b i a l  c o u n ts  o f  b o th  s p e c ie s  i n  d e sc e n d in g  o rd e r  o f  f re q u e n c y . By 
com paring  t h i s  t o  a  s i m i l a r  l i s t  from  t h i s  s tu d y , 2 4  d i f f e r e n t  ty p e s  o f  
c o u n ts  w ere found  i n  th e  r e d - s id e d  g a r t e r  sn a k e . I n  Todd’s  s tu d y , 21 
d i f f e r e n t  ty p e s  w ere fo u n d ; i n  t h i s  s tu d y , I6 d i f f e r e n t  ty p e s  w ere fo u n d . 
T h ir te e n  ty p e s  w ere common t o  b o th  s t u d i e s .  As sh o u ld  be e x p e c te d , b o th  
l i s t s  s h a re d  th e  m ost f r e q u e n t  c o u n ts  i n  th e  f i r s t  t h r e e  p o s i t io n s  
(T a b le s  6 .1 7  and  6 .6 ) .
T here  w ere a l s o  24 d i f f e r e n t  ty p e s  i n  th e  w andering  g a r t e r  
s n a k e . I n  Todd’ s  s tu d y ,  16 d i f f e r e n t  ty p e s  w ere r e p o r te d ;  in  t h i s  
s tu d y ,  18 ty p e s  w ere r e p o r t e d .  Ten ty p e s  o v e rla p p e d  in  b o th  s t u d i e s .
As in  th e  r e d - s id e d  g a r t e r  sn a k e , th e  th r e e  c o u n ts  t h a t  made up th e  
h ig h e s t  p e rc e n ta g e  in  t h i s  s tu d y  w ere th e  same in  Todd’ s s tu d y  (T a b le s  
6 .1 8  and  6 . 5 ) .
I n  b o th  s p e c i e s , th e  l a r g e s t  p e rc e n ta g e  had  th e  t y p ic a l  c o u n ts  
f o r  th e  s p e c i e s .  I n  Todd’ s  s tu d y , th e s e  p e rc e n ta g e s  were 67 p e rc e n t  f o r  
th e  w an d erin g  g a r t e r  snake  and  44 p e rc e n t  f o r  th e  r e d - s id e d  g a r t e r  sn a k e ; 
i n  t h i s  s tu d y ,  th e  c o rre s p o n d in g  f i g u r e s  w ere 55 p e rc e n t and 35 p e r c e n t .  
Even though  b o th  s p e c ie s  e x h ib i te d  th e  same number o f  c a te g o r ie s  o f  
v a r i a t i o n ,  a  g r e a t e r  p e rc e n ta g e  o f  in d iv id u a ls  in  th e  r e d - s id e d  g a r t e r  
snalce d e v ia te d  from  th e  t y p i c a l  c o u n t .
The l a b i a l  c o u n ts  w ere a l s o  s p l i t  i n to  u p p e r  and low er c a te ­
g o r ie s  i n  o rd e r  t o  i n v e s t i g a t e  th e  ran g e  o f c o u n ts .  The t y p i c a l  c o u n ts  
i n  T . e le g a n s  v a g ra n s  co m p rised  76 p e rc e n t  o f  th e  u p p e r  l a b i a l s  and  67
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T ab le 6 , 17— L a b ia l 
(Todd)
V a r ia t io n  in  Thamnophis s i r t a l i s  p a r i e t a l i s
Count Number o f  Specim ens P e rce n tag e
(1 0 -1 0 ) (7 -7 ) 43 4 4 .0
(1 0 -1 0 ) (7 -8 ) 11 11 .0
(1 0 -1 0 ) (8 - 7 ) 6 6 .0
(1 0 -1 0 ) (8 - 8 ) 2 2 .0
( 1 0 -  9 ) (7 -9 ) 1 1 .0
( 9 -1 0 ) (7 -7 ) 6 6 .0
( 9 -1 0 ) (7 - 8 ) 5 5 .0
( 9 -1 0 ) (8 - 8 ) 1 1 .0
( 1 0 -  9 ) (7 - 7 ) 5 5 .0
( 1 0 -  9 ) (8 -7 ) 1 1 .0
( 1 0 -  9 ) (7 -8 ) 2 2 .0
(1 1 -1 0 ) (7 -7 ) 1 1 .0
(1 0 -1 1 ) (7 - 8 ) 3 3 .0
(1 0 -1 1 ) (8 - 8 ) 1 1 .0
(1 0 -1 1 ) (7 -7 ) 2 2 .0
(1 0 -1 1 ) (8 -7 ) 1 1 .0
( 9 -  9 ) (7 - 8 ) 1 1 .0
( 9 -  9 ) (8 - 8 ) 1 1 .0
( 9 -  9 ) (7 -7 ) 2 2 .0
( 9 -1 1 ) (8 - 7 ) 1 1 .0
(1 1 -1 1 ) (8 -8 ) 1 1 .0
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Table 6 .1 8 — L abial V a r ia tio n  in  Thamnophis e le g a n s  vagrans (Todd)
Count Number o f  Specimens P ercentage
( 8 -8 )  (1 0 -1 0 ) 78 6 7 .0
( 8 -7 )  (1 0 -1 0 ) 3 3 .0
( 7 - 8 )  (1 0 -1 0 ) 12 10 .0
(7 - 7 )  (1 0 -1 0 ) 2 2 .0
(8 —8 ) ( 9—10) 6 5 .0
(8 -7 )  ( 9 -1 0 ) 1 .8
(8 - 8 )  ( 1 0 -  9 ) 4 3 .0
( 8 - 7 )  ( 1 0 -  9 ) 1 2 ,0
(8 - 8 )  (1 0 -1 1 ) 3 3 -0
(8 - 8 )  (1 1 -1 1 ) 1 .8
(7 - 8 )  (1 0 -1 1 ) 1 .8
(7 -8 )  ( 9 -  9 ) 1 .8
(7 -7 )  ( 1 0 -  9 ) 1 .8
(9 -8 )  (1 0 -1 0 ) 1 .8
(7 - 7 )  ( 9 - 9 ) 1 .8
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p e rc e n t  o f  th e  lo w er l a b i a l s  i n  t h i s  s tu d y ;  and 79 p e rc e n t and  83 p e rc e n t 
i n  T o d d 's  s tu d y  (T ab le  6 .1 $ ) .  In  T . s i r t a l i s  p a r i e t a l i s , th e  t y p i c a l  
c o u n ts  co m p rised  5 2 .5  p e rc e n t  o f  th e  u p p e r l a b i a l s  and  6 8 .5  p e rc e n t o f  th e  
lo w e r l a b i a l s ;  and  59 p e rc e n t and 65 p e rc e n t i n  T o d d 's  s tu d y  (T ab le  6 .2 0 ) .  
A l t h o u ^  th e  f i g u r e s  w ere h ig h e r  when th e  l a b i a l  c o u n ts  were t r e a t e d  in ­
d i v i d u a l l y ,  th e  t r e n d  s t a t e d  i n  th e  above p a ra g ra p h  was d e m o n s tra te d .
The ran g e  in  T o d d 's  s tu d y  f o r  v e n t r a l s  and  c a u d a ls  f o r  T . e le g a n s  
v a g ra n s  w ere c o r re s p o n d in g ly  160-182 and 6 1 -6 7 . The g r e a t e s t  number o f 
in d iv id u a l s  f e l l  w i th in  th e  c a te g o ry  o f  I66- I 7O i n  v e n t r a l s  and 66-70  
i n  c a u d a l8 .  The m a jo r i ty  i n  t h i s  s tu d y  d i f f e r e d  in  th e  c au d a l ra n g e , 
i . e .  b e tw een  71-75 (T ab le  6 .1 0 ) .
F o r T . s i r t a l i s  p a r i e t a l i s , th e  ran g e  o f  v e n t r a l  s c a le  co u n t was 
159-181 and  th e  c a u d a l ran g e  was 6 1 -9 3 . Most o f  th e  in d iv id u a ls  w ere in ­
c lu d e d  i n  th e  v e n t r a l  c a te g o ry  o f  I66- I 7O, and i n  th e  c au d a l c a te g o ry  o f  
66- 7 0 . B o th  o f  th e s e  d i f f e r e d  from th e  p re s e n t  s tu d y  in  w hich th e  ran g e  
o f  161-165  in c lu d e d  th e  g r e a t e s t  m a jo r i ty  f o r  v e n t r a l  coun t and 76-60 
f o r  th e  c a u d a l c o u n t .  These r e s u l t s  may be a t t r i b u t e d  t o  th e  f a c t  t h a t  
Todd was w o rk ing  w ith  a  l a r g e r  number o f sn a k e s ; how ever, th e  sum t o t a l  
o f  a l l  th e  sn a k es  i s  c o v e red  i n  th e  fo l lo w in g  s e c t io n  a s  th e  p rim ary  in ­
d i c a t i o n  o f  th e  g e n e t ic  v a r i a t i o n  w i th in  s c a le  c o u n ts  (T ab le  6 .1 1 ) .
The d o r s a l  row co u n t o f  T o d d 's  work d i f f e r e d  f o r  b o th  s p e c ie s  
from  t h a t  o f  t h i s  s tu d y ,  b o th  i n  th e  v a r i e t y  found among th e  sn a k es  and 
th e  co u n t t h a t  was th e  m ost p r e v a le n t  (T a b le s  6 .1 2  and 6 ,1 3 ) .  In  T o d d 's  
s tu d y  th e  c o u n t, 1 9 -2 0 -1 7 , was th e  m ost common in  th e  r e d - s id e d  g a r t e r  
sn a k e , and  20-20-17  i n  th e  w an d erin g  g a r t e r  sn a k e . An i n t e r e s t i n g  f a c t  
was t h a t  th e  c o u n ts ,  19 -19 -17  and 19- 19- 16 , w hich have b een  u se d  to
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T ab le  6 «19— D i s t r i b u t i o n  o f  Lower and Upper S c a le  Count i n  
T . e le g a n s  v a g ra n s  (Todd)
Lower
( R ig h t- L e f t ) N P e rce n tag e
Upper
( R ig h t-L e f t ) N P e rce n tag e
(1 0 -1 0 ) 96 8 3 .0 0 (8 -8 ) 92 7 9 .0 0
( 9 -1 0 ) 7 7 .4 0 (8 —7) 4 3 .5 0
( 1 0 -  9 ) 6 5 .1 0 (7 -8 ) 15 14 .00
( 9 -  9 ) 2 1 .4 0 (7 -7 ) 4 2 .9 0
(1 0 -1 1 ) 4 2 .9 0
( 11- 11) 1 .74
T ab le  6 .20-—D is t r i b u t i o n  o f  Lower and Upper S c a le  Count in  
T . s i r t a l i s  p a r i e t a l i s  (Todd)
Lower
(R ig h t-L e ft) N P ercentage
Upper
(R ig h t-L e ft) N Percentage
( 10- 10) 63 6 5 .0 (7 -7 ) 58 5 9 .0
( 10-  9 ) 9 9 .0 (8 -7 ) 11 11 .0
( 9—10) 11 1 2 .0 ( 7—8) 21 2 2 .0
( 10- 11) 7 7 .0 ( 8- 8 ) 6 6 .0
( 9 -  9 ) 4 4 .0 (7 -9 ) 1 1 .0
( 9 -1 1 ) 1 1 .0
( 11- 11) 1 1 .0
( 11- 10) 1 1 .0
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d e s c r ib e  th e  r e d - s id e d  g a r t e r  snake  (Schm idt and  D avis 1941) t  w ere q u i te  
f r e q u e n t ;  b u t  t h a t  a  c o u n t,  1 9 -2 0 -1 7 , was more f r e q u e n t .  The 20-20-17  
co u n t I how ever, fo llo w e d  th e  s p e c i f i c  d e s c r ip t io n  o f  th e  o th e r  s p e c i e s .
A nom alies such  a s  e x t r a  in co m p le te  s c a le s  be tw een  th e  u p p e r 
l a b i a l s  i n  T . s i r t a l i s  w ere no t m en tioned  by  Todd, and  most o f  h i s  sn ak es 
w ere n o t s e x e d , so  t h a t  any  f u r t h e r  c o r o l l a r i e s  c o u ld  no t be made betw een  
th e  two s t u d i e s .  However, T o d d 's  s tu d y  d id  a c t  a s  an  in v a lu a b le  r e f e r e n c e  
b e c a u se  o f  th e  l a r g e  sam ples o f  sn a k es  a n a ly z e d . T h e re fo re ,  any  s p e c i f i c  
t r a i t s  o f  g a r t e r  sn a k e s  i n  w e s te rn  Montana c o u ld  be more e a s i l y  q u a l i f i e d .
ANALYSIS OF PRESERVED SPECIMENS 
AND SUMMARY OF ANALYSES
An a n a ly s i s  o f  some museum sp e c im en s , w hich were c o l l e c t e d  b e ­
tw een  1947-1951  by  D r. R . B . B runson , p ro v id e d  an  o p p o r tu n ity  t o  c o r r e ­
l a t e  th e  p r e s e n t  g e n e t ic  t r a i t s  w ith  th e  g e n e t ic s  o f  e a r l i e r  g e n e ra t io n s  
o f  th e  same s p e c ie s  (T a b le s  6 .2 1  and  6 .2 2 ) .  The r e g u l a r i t y  in  th e  t y p i c a l  
c o u n ts  o f  b o th  s p e c ie s  was i n v e s t i g a t e d .  S ix ty - th r e e  p e rc e n t o f  th e  19 
w an d erin g  g a r t e r  sn a k es  had  th e  t y p i c a l  c o u n t.  T h is  was a l s o  t r u e  f o r  
44 p e rc e n t  o f  th e  16 r e d - s id e d  g a r t e r  s n a k e s .
N ine d i f f e r e n t  c a te g o r i e s  o f  l a b i a l  c o u n ts  were found in  th e  r e d ­
s id e d  g a r t e r  s n a k e . E ig h t o f  th e  n in e  c o u n ts  were common to  T o d d 's  and 
t h i s  s t u d y 's  l i s t s ;  th e  odd co u n t was r a t h e r  u n u s u a l .  I t  was (6 -7 )  
( 10- 10).
F iv e  c a te g o r i e s  w ere found  in  th e  w an d erin g  g a r t e r  sn a k e , and 
th r e e  o f  th e  more common c o u n ts  w ere p r e s e n t  i n  th e  o th e r  two s t u d i e s , 
a l s o .  The o th e r  two c o u n ts  w ere p r e s e n t  i n  e i t h e r  one o r  th e  o th e r  s tu d y .
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Table 6 .2 1 — Data bn Museum Specimens (T . s i r t a l i s  p a r i e t a l i s )
C o l le c t io n
Number
(cm)
S nout—
Vent
Length
(cm)
Upper
l a b i a l s
Lower
L a b ia ls
D orsa l V e n tra ls  C audals 
Row Count
R -3050(2 ) ? 110 8 7 .0 (7  - 7  ) (1 0 -1 0 ) 19—18—17 170 73
R -1 5 0 (2 )
&
63
61
4 9 .0
4 4 .0
(7  - 8  ) 
( 7 '- 7  )
( 10- 10) 
( 10- 10)
20- 19-17
19- 18-17
160
161
67
79
R -5 5 4 (2 ) 5 9 .5
56 4 2 .0
(7  - 7  ) 
(7  - 7  )
( 9 -1 0 )
(1 0 -  9 )
20- 19-17
19- 18-17
172
177
70
75
R -352 (3 )
g r a v id ?
6 1 .5
4 6 .5
57
4 4 .5
3 5 .5
4 5 .5
(8  - 8  ) 
( 7 '- 7  ) 
(8  - 7  )
(1 0 -1 0 ) 
(10-10} 
(1 0 -1 0 )
19- 17-17
19-19-17
19- 19-17
163
166
165
77
64
46
R -2 4 9 (4 ) <f 
d*
g r a v id #
72
71
4 5 .5
73
5 3 .5
5 2 .0
3 1 .5
5 3 .0
(7  - 7  )
(7  - 7  ) 
(8  - 7  ) 
( 7 '- 8 * )
(1 0 -1 0 ) 
(1 0 -1 0 ) 
(1 0 -1 0 ) 
( 9 -1 0 )
19- 19-17
20— 18—17
18- 19-17
19- 17-17
165
166 
161 
158
76
87
79
81
R -1049(4) d* 62 4 4 .0 (7  - 7  ) (1 0 -1 0 ) 19- 19-17 160 83
R-1049 9 32 2 3 .0 (6  - 7  ) (1 0 -1 0 ) 19- 19-17 163 86
R-3 1 5 0 ? 32 2 4 .5 (8  - 7  ) ( 1 0 -  9 ) 18- 17-17 162 83
R-1149 21 15.5 (7  - 7  ) (1 0 -1 0 ) 19- 16-17 155 71
C o l le c t io n
Number
D ate
C o lle c te d Locus
R-1 5 0 March 1950 K ick in g  H orse R e s e rv o ir  T20N—RI9 W-S36 Lake
R-249 June 1949 McDonald C irque T19N-R19W-S11 Lake
R-3 5 2 1952 B iso n  Range T19N-R21W-S27 Lake
R-554
R-1049 J u ly
1954
1949
B onner 
Lake R ogers
TI4 N-RI7W-SI3 M isso u la  
T27N-R23W-S^7^: F la th e a d
R-1149 1949 J e t t e Lake T23N-R21W-S I 4 Lake
R-3 0 5 0 J u ly 1950 N orth Crow C irque T21N-R18W-S18 Lake
R-3 1 5 0 J u ly 1950 Lake R ogers T27N-R23W-S30 F la th e a d
*=7th s c a le  had e x tr a  s c a le  b e s id e  i t .
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T able 6 .2 2 — Data on Museum Specimens (T , e leg an s  v a g ra n s)
C o lle c t io n
Number Sex
T o ta l Upper 
Length L a b ia ls  
(cm)
Lower
L a b ia ls
D orsal 
Row Count V en tra ls C audals
R-851 9 6 6 .0  ( 8- 8 ) ( 9- 10) 20- 19-16 163 70
R -3350(2) 9 5 5 .0  ( 8- 8 ) ( 10- 10) 21- 21-16 155 23
9 72 .0  ( 8- 8 ) ( 9 -10 ) 21- 20-15 169 74
R -2850(3) 9 3 3 .0  ( 8- 8 ) ( 10- 10) 21- 21-17 169 84
( f 4 0 .0  (8 -8 ) ( 10- 10) 20- 20-17 164 83
R-448 9 5 6 .5  (8 -8 ) (10-10) 21-20-16 168 87
R-1152 9 4 3 .0  (8 -7 ) (1 0 -  9) 20-21-16 170 71
R-1047 9 6 8 .0  (8 -8 ) (10-10) 20- 21-17 163 62
R -252(3) 9 77 .0  (8 -8 ) (10-10) 21- 21-17 172 77
R-2250 9 5 5 .0  (7 -8 ) (10-10) 21- 21-17 177 75
R-2650 9 6 3 .0  (7 -8 ) (10-10) 21-21-16 165 75
R-3450 9 6 4 .0  (8 -8 ) (10-10) 20-21-16 165 74
R -4350(2 ) 5 5 .0  (8 -8 ) (10-10) 22- 17-17 179 85
R-3250 6 2 .0  (8 -8 ) (10-10) 20- 21-17 172 84
R-3550 9 58 .5  (7 -8 ) ( 9 -10) 22- 21-17 169 46
R-4050(4) 9 75 .0  (8 -8 ) (10-10) 20- 21-15 170 70
9 6 2 .0  (8 -8 ) (10 -10 ) 21—18—16 176 71
R“ 3950( 2) 57 .0  (7 -8 ) (10 -10 ) 21- 21-17 168 79
R-4650 ( P 4 9 .0  (8 -8 ) (10-10) 21- 21-16 163 76
C o lle c t io n Date
Number C o lle c te d uOCuS
R-252 1952 — — ——
R-448 May 1948 K itchen  Creek T11N-R16W-S19 M issoula
R-851 May 1951 Pond T12N-R20W-S22 M issoula
R-1047 May 1947 UM B io lo g ic a l  S ta t io n  T24N—RI9W-S4 Lake
R-1152 1952 — — — —
R-2250 J u ly 1950 Camas Creek T33N-R19W-S23 F la th e ad
R-2650 Aug. 1950 S t .  Mary’ s Lake T17N-R18W-S6 Lake
R-2850 June 1950 McDonald C irque T19N-R19W-S11 Lake
R-3250 June 1950 Cottonwood Creek T15N-R13W-S29 Powell
R-3350 June 1950 Mud Lake T21N-R19W-S2 Lake
R-3450 June 1950 Mud Lake T21N-H19W-S2 Lake
R-3550 J u ly 1950 E s te s  Lake T r a i l T26N-R19W-S20 Lake
R-3950 S e p t. 1950 Upper H o lland  Lake T20N-R15W-S29 M issoula
R-4050 S e p t. 1950 Gyp M ountain T20N-R15W-S3 M issoula
R-4350 1950 Rock Creek —— — —
R-4650 June 1950 W h ite fish  R e se rv o ir T30N-R22W- F la th e a d
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As th e  p e rc e n ta g e s  in d ic a te d  in  a l l  th e  a n a ly s e s ,  th e r e  had b een  a  con­
s i s t e n t  r e g u l a r i t y  w i th in  th e  p o p u la t io n  o f  T . e le g a n s  v ag ran s  and  an  
a lm o s t p r e d i c ta b l e  l a r g e  v a r i e t y  o f  c o u n ts  i n  th e  T . s i r t a l i s  p a r i e t a l i s .
The ran g e  i n  th e  number o f  v e n t r a l s  o f  th e  r e d - s id e d  g a r t e r  snake  
was 155- 177 , and th e  ran g e  i n  th e  c a u d a ls  was 64- 8 7 . The most r e g u l a r ly  
o c c u r r in g  c o u n ts  f e l l  w i th in  th e  same ran g e s  a s  th e  sn ak es  w i th in  t h i s  
c u r r e n t  s tu d y .  These ra n g e s  w ere c o r re s p o n d in g ly , I6 I - I 65 and  7 ^ -8 0 . The 
sum t o t a l  o f  a l l  th e s e  sn a k es  in d ic a te d  th e s e  co u n t ra n g e s  had a  h ig h  
p r o b a b i l i t y  o f  b e in g  fo u n d ; how ever, th e  r a n g e s , I66- I 7O and 6 6 -7 0 , were 
th e  t y p i c a l  c o u n ts  i n  t h i s  r e g io n a l  a r e a  o f  th e  s t a t e  (T ab le  6 .1 1 ) .
The ran g e  i n  th e  number o f  v e n t r a l s  o f  th e  w andering  g a r t e r  snake 
was 155- 179 , and  th e  ran g e  i n  th e  c a u d a ls  was 62-87* The most f r e q u e n t  
v e n t r a l  r a n g e , I66- I 7O, was th e  same in  a l l  th e  s t u d i e s .  The cau d a l 
r a n g e , 7 1 -7 5 1 c o n ta in e d  th e  h ig h e s t  p e rc e n ta g e  o f  in d iv id u a ls  i n  th e  
museum specim ens and in  th e  ones from  t h i s  s tu d y .  By com bining  th e  num­
b e r  o f  sn a k e s  w i th in  each  c a te g o ry  from  each  s tu d y , th e  ra n g e , 66- 7O, 
f o r  th e  c au d a l co u n t became th e  m ost t y p i c a l .  The coun t I66- 17O was 
u n ifo rm ly  th e  m ost t y p i c a l  one f o r  v e n t r a l s  (T ab le  6 .1 0 ) .
The most common d o r s a l  row c o u n t, 2 1 -2 1 -1 7 , a g re e d  w ith  th e  
s p e c ie s  d e s c r i p t i o n  f o r  th e  w an d erin g  g a r t e r  sn a k e . Pour o f  12 d i f f e r e n t  
c a te g o r i e s  w ere a l s o  i n  a  l i s t  o f  d o r s a l  row c o u n ts  from t h i s  s tu d y ;  
th e r e  w ere a  t o t a l  o f  19 d i f f e r e n t  c a te g o r i e s  t h a t  w ere n o ted  from  t h i s  
s tu d y  and  i n  th e  museum sp e c im e n s . (T o d d 's  sam ples w ere no t in c lu d e d  i n  
t h e  sum t o t a l  b e c a u se  h i s  c o u n tin g  m ethod was n o t d e sc rib e d -. T h e re fo re ,  
i t  may o r  may n o t have in f lu e n c e d  a n  in c o r r e c t  judgm ent c o n c e rn in g  th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12C
v a r i e t y  o f  c a te g o r i e s  w hich o c cu r in  t h i s  s p e c i e s .  F o r v i s u a l  co m p ariso n , 
T ab le  6 .1 2  h a s  b een  c o n s t r u c te d . )
The c o u n t,  19 -1 9 -1 7 ; w hich was u se d  in  th e  d e s c r ip t io n  o f  th e  r e d ­
s id e d  g a r t e r  sn a k e , was p r e v a le n t  i n  th e  p re s e rv e d  sp ec im en s . Two o f  th e  
e ig h t  c o u n ts ,  w hich w ere o b se rv e d , w ere m u tu a lly  sh a re d  betw een  t h i s  
s tu d y  and  th e  p re s e rv e d  sp e c im e n s . A t o t a l  o f  I4 c a te g o r ie s  w ere found 
and have  b e e n  l i s t e d  w ith  th e  d a ta  from  Todd f o r  c ro s s - r e f e r e n c e  p u rp o se s  
(T a b le  6 .1 2 ) .
The o c c u rre n c e  o f  e x t r a  in co m p le te  s c a le s  i n  th e  u p p e r l a b i a l s  o f 
th e  T . s i r t a l i s  p a r i e t a l i s  seemed t o  i n f e r  w ith  h ig h  p r o b a b i l i t y  t h a t  Todd 
may n o t have n o t ic e d  t h e i r  p re s e n c e .  T w en ty -f iv e  p e rc e n t  o f  th e  16 p re ­
s e rv e d  sn a k e s  had  t h i s  anom aly (T a b le  6 .2 3 ) .  I n  a  sam ple o f  35 p re s e rv e d  
w an d erin g  g a r t e r  s n a k e s , s e v e n , o r  20 p e r c e n t ,  o f  th e  sn ak es had  u n ­
d iv id e d  c a u d a ls .  The m ost common o c c u rre n c e  was one u n d iv id e d  c au d a l ; 
t h e  r a n g e ,  how ever, was from  I- 4  c o n s e c u tiv e  s c a le s  (T ab le  6 . 24) .  No 
se x u a l  p re fe re n c e  was n o te d .  I t  c an  be co n c lu d ed  t h a t  i t s  ab sen ce  in  
T o d d 's  r e p o r t  was b e ca u se  i t  was no t i n  th e  scope o f  h i s  r e p o r t .
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T ab le  6 ,2 3 —~Museiun Specim ens w ith  E x tra  L a b ia ls  (T . s i r t a l i s  
p a r i e t a l i s )
U pper L a b ia l  Count Number o f  I n d iv id u a ls P e rce n tag e
7 - 7 7 44
8 - 7 2 13
7 - 8 1 6
8 - 8 1 6
6 - 7 1 6
7*-7 2 13
7 '- 8 ' 1 6
8 * -7 ' 1 6
*7t h  s c a le  had  e x t r a  s c a le  b e s id e  i t
T ab le  6 ,2 4 — Museum Specim ens w ith  U ndiv ided  C audals (T , e le v e n s  
v a g ra n s )
C o l le c t io n
Number Sex
Number o f  
U ndiv ided  
C audals
S p e c i f ic  
L o c a tio n  o f 
C audals
R-547 d ’ 2 4 -5
R-747 c P 4 1—4
R-749 1 2
R-1248 9 1 2
R-1649 2 1 2
R—16^0 ju v e n i le 1 4
R~2850(3) 9 2 2-3
C o l le c t io n  D ate 
Number C o l le c te d
Locus
R-547 May 1947 Gold C reek Pond T14N-H17W-S13 M issou la
R-747 May 1947 D aphnia Pond T26N-R19W-S6 F la th e a d
R-749 1949 Snowshoe Mine
R-1248 Aug. 1948 UM B io lo g ic a l  S t a t i o n T24N-R19W-S4 Lake
R-1649 Aug. 1949 T ro u t C reek T16N-R26W-S23 M inera l
R-1 6 5 0 May 1950 R iv e r  (H am ilto n  M ountain) --------
R -2850(3 ) June 1950 McDonald C irq u e T I9N-RI9W-SII Lake
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CHAPTER V II 
SUMMARY
A p re l im in a ry  su rv e y  o f  th e  u se  o f  g a r t e r  sn a k es  a s  i n d ic a t o r s  o f 
c o n ta m in a te d  r e g io n  was c o m p le te d . T h is  su rv e y  e n t a i l e d  th e  a n a ly s i s  f o r  
l e a d  and  m ercu ry  i n  th e  t i s s u e s  o f  Thamnophis s i r t a l i s  p a r i e t a l i s  and 
Tham nophis e le g a n s  v a g ra n s . from  s i x  s e l e c t  s i t e s  i n  w e s te rn  Montana f o r  
b ack g ro u n d  d a t a ,  from  th e  v i c i n i t y  o f  E a s t  H e le n a 's  ASARC0 s m e l te r ,  and 
from  th e  a r e a  o f  th e  stam p m il l  a lo n g  F re d  B u rr  C reek a t  P h i l l ip s b u r g .  
A n a ly ses  w ere done b y  th e  u se  o f  th e  Beckman Atomic A b so rp tio n  a tta c h m e n t 
f o r  th e  Model DB S p e c tro p h o to m e te r .
B o th  th e  a r e a s  o f  th e  ASARCO s m e lte r  and  F re d  B u rr  C re e k 's  stam p 
m i l l  have b e e n  a r e a s  o f  c h ro n ic  p o l lu t i o n  f o r  th e  r e s p e c t iv e  heavy  m e ta ls ,  
le a d  and  m e rc u ry . T hese a r e a s  s e rv e d  a s  c o n ta m in a tio n  s i t e s .  The sn ak es 
from  E a s t  H elena  ran g e d  i n  le a d  c o n c e n tr a t io n  from  . 1 - . ?  w/w ppn (m ean: 
•39) f o r  l i v e r  and  from  .3 6 - . 8  w/w ppm (m ean: .5 5 ) f o r  m u sc le . The
sn a k es  from  th e  s i x  c o l l e c t i o n  s i t e s  ran g e d  from  . 0 2 - .3  w/w ppm (m ean:
.1 2 )  f o r  l i v e r  an d  from  .0 2 - .4 0  w/w ppm (m ean: .1 8 )  f o r  m u sc le . Two
ob v io u s t r e n d s  w ere n o te d :  (1 )  th e  Tham nophis a t  E a s t H e lena  w ere i n e s t ­
in g  and  a b s o rb in g  more l e a d  from  t h e i r  env ironm en t th a n  w ere th e  sn ak es 
from  th e  o th e r  s i t e s ;  ( 2 ) th e  m uscle  t i s s u e s  c o n c e n tr a te d  th e  le a d  more 
th a n  th e  l i v e r s .
The r e s u l t s  from  th e  m ercu ry  a n a ly s e s  o f  th e  g a r t e r  snalces w ere 
f o r  th e  l i v e r ,  . 01- 1 .0  w/w ppm (mean* . 26 ) an d  f o r  th e  m u sc le , .0 5 - .4 9
130
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w/w ppm (m ean: •24)» The sam ples from th e  sn ak es  a t  F re d  B u rr C reek were
h ig h e r  i n  c o n te n t ;  th e  c a r c a s s  o f  a  ju v e n i le  Thamnophis e le g a n s  v a g ra n s  
c o n ta in e d  .7 7  w/w ppm Hg, and th e  m uscle o f  th e  g ra v id  Thamnophis s i r t a l i s  
p a r i e t a l i s  c o n ta in e d  .39 w/w ppm Hg. Com plem entary sam ples from  th e  
g r a v id  snake  w ere l o s t  b e c a u se  th e y  ex p lo d ed  d u r in g  th e  d ig e s t io n  p ro c e ss  
i n  th e  f u r n a c e .
A lthough  th e r e  w ere few snake  s a m p le s , th e  a u x i l i a r y  r a n id  sam ples 
a n a ly z e d  from  F re d  B u rr  C reek in d ic a te d  th e  p o t e n t i a l  o f  th e  h e rp e t  o fauna  
a s  m o n ito rs  f o r  p o l lu t i o n .  The r a n id s  ran g e d  in  m ercury  from  1 .4 6 -2 .8 8  
w/w ppm (m ean: 2 . 27 ) ;  th e  c o n c e n tr a t io n  o f  m ercury  in  f ro g s  in c r e a s e d  a s  
one came c l o s e r  t o  th e  stam p m i l l .  T h is  t r e n d  was r e in f o r c e d  by  a  s tu d y  
o f  Van M eter (1974) in  w hich he  found  t h a t  th e  w a te r  and t r o u t  l ik e w is e  
became h ig h e r  i n  m ercury  a s  one c o l l e c t e d  u p stream  to w ard  th e  m i l l .
F ro g s  and one f i s h  w ere u se d  t o  supp lem ent th e  E a s t H elena  s u rv e y .
The f r o g s  ran g e d  i n  l e a d  from  .43 -4*8  w/w ppm (m ean: 1 . 58)1  and th e  f i s h
c o n ta in e d  .9 4  w/w ppm. T here  was no c o r r e l a t i o n  in  th e  c o n c e n tr a t io n  o f  
l e a d  i n  th e  sam ples and  th e  d i s ta n c e  from th e  ASARCO s t a c k .  Mice have 
b e e n  shown t o  c o n ta in  h ig h e r  c o n c e n tr a t io n s  o f l e a d ,  i . e .  i n  l i v e r s ,  7*6 
w/w ppn , and  i n  k id n e y s , 4 2 «5 w/w ppm (G ordon 1972).
The low er c o n c e n tr a t io n s  o f  heavy  m e ta ls  in  th e  sn ak es  a s  com­
p a re d  t o  known fo o d  ite m s  ( f r o g s ,  f i s h ,  m ice) was a t t r i b u t e d  t o  th e  ty p e  
o f  ex p o su re  each  an im al h ad  in  i t s  m ic r o h a b i t a t , and th e  s e a s o n a l and r e ­
g io n a l  em phasis o f  p re y  o f  T ham nophis. I n  th e  a q u a t ic  en v iro n m en t, th e  
e x p o su re  was co n c lu d ed  a s  t h r e e f o l d  by  F u lk e rs o n  e t  (1 9 7 4 ) :  ( 1 ) ad­
s o r p t io n  o f  m ercury  on th e  nucous l a y e r  o f  th e  s k i n ,  (2 )  in g e s t io n  o f  fo o d ,
( 3 ) a s s i m i l a t i o n  o f  m ercu ry  i n to  th e  b lo o d s tre a m  a s  a  consequence  o f  d ig e s t i o n .
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S e le c t io n  o f  fo o d  ty p e s  by  th e  s p e c ie s  o f  g a r t e r  sn ak es  was demon­
s t r a t e d  a s  s i m i l a r  b u t  d i f f e r e n t  a t  th e  s i x  c o l l e c t i o n  s i t e s  (C h a p te r  IV ); 
th e  m u l t i - f a c e t e d  re a s o n  f o r  th e  d i e t  s e l e c t i o n  o f  g a r t e r  sn ak es  a t  F re d  
B u r r  C reek  and  E a s t H e len a  was n o t r e s e a rc h e d  i n  t h i s  s tu d y .  However, th e  
e x te n t  t o  w hich heavy  m e ta ls  c au se d  s u b - l e th a l  r e s u l t s  was a t t r i b u t e d  t o  
th e  r a t e  o f  in g e s t i o n  and  th e  r a t e  o f  d e t e r i o r a t i o n  o f  th e  m e ta l w i th in  
th e  s n a k e . T h e re fo re ,  th e  fo o d  s e l e c t i o n  o f  a  snake d i r e c t l y  in f lu e n c e d  
th e  t o x i c i t y  o f  th e  heavy  m e ta l w i th in  th e  sn a k e . A to p ic  f o r  f u tu r e  r e ­
s e a rc h  was th e  i n t e r r e l a t i o n s h i p  o f  heavy  m e ta ls  i n  g a r t e r  sn a k es  and 
t h e i r  fo o d  i te m s .
An i n v e s t i g a t i o n  i n t o  th e  u se  o f  p re s e rv e d  specim ens o f  h e rp e to -  
fa u n a  f o r  b ack g ro u n d  l e v e l s  o f  heavy  m e ta ls  was u n d e r ta k e n . Phenomena 
w ere e n c o u n te re d  t h a t  in d ic a te d  more r e s e a r c h  m ust be done i n  th e  a r e a  o f  
ch em ica l r e a c t io n s  b e tw een  fo rm a l in  and a lc o h o l  w ith  heavy  m e ta ls  w ith  a  
b i o lo g i c a l  sp ec im en . F o r  i n s t a n c e ,  an  u n e x p e c te d ly  h ig h  c o n c e n tr a t io n  o f  
l e a d  was found  i n  one museum sam ple from  J e t t e  Lake; t h i s  snake  c o l l e c t e d  
i n  1949 h ad  .25  ppm P b . The sn a k es  w hich w ere c o l l e c t e d  and f ro z e n  i n  
1974 had  .03  and  .0 7  ppm Pb; th e  c o n c e n tr a t io n  o f  le a d  i n  th e  o ld e r  sam ple 
m ust have b een  c a u se d  b y  c h em ica l i n t e r a c t i o n s  s i m i l a r  t o  th o s e  found  i n  
a n o th e r  s tu d y  by  G ibbs e t  a l .  (1974)»
The s e l e c t i o n  o f  fo o d  ite m s  and  th e  a c t i v i t y  te m p e ra tu re s  o f  b o th  
s p e c ie s  o f  g a r t e r  sn a k e s  w ere i n v e s t i g a t e d .  F iv e  o f  th e  s i x  c o l l e c t i o n  
s i t e s  had  sy m p a tr ic  p o p u la t io n s  o f  T ham nophis. No o b v io u s a c t i v i t y  tem ­
p e r a tu r e  ra n g e  was p r e f e r r e d  b y  one s p e c ie s  o r  th e  o th e r ;  how ever, th e  
a b i l i t y  t o  m a in ta in  a  body te m p e ra tu re  above th e  am bien t te m p e ra tu re  was
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n o te d  among Tham nophis» S e le c t io n  o f  food  was an im p o rta n t e c o lo g ic a l  
i s o l a t i n g  m echanism .
S e a so n a l a b s t in e n c e  o f  e a t in g  was o b se rv ed  i n  e a r ly  summer by  a  
s u b s t a n t i a l  p e rc e n ta g e  o f  each  p o p u la t io n ;  T . s .  p a r i e t a l i s  d e m o n s tra te d  
a  p r i n c i p a l  dependency  on Haemopis g ra n d ie  and  a m p h ib ia n s , w hich were 
m a in ly  Bufo b o re a s  and  Ambystoma m acrodacty lu ro . T . e .  v ag ran s  had  an  em­
p h a s is  on l e e c h e s ,  w hich w ere H. g ra n d is  and E rp o b d e lla  puno tatum , and 
s l u g s ,  w hich  w ere P rophysaon  and  D e ro c e ra s . L eeches w ere th e  m a in s ta y  o f  
b o th  s p e c ie s  th ro u g h o u t th e  summer s e a s o n .
The w an d erin g  g a r t e r  snake  s p e c ie s  a c te d  a s  an  o p p o r tu n is t i c  
p r e d a to r  a t  J e t t e  Pond; i t  c o n s i s t e n t l y  a t e  c o m b in a tio n s  o f p rey  i te m s . 
L a rv a l sa la m a n d e rs  and  le e c h e s  w ere found  to g e th e r  i n  th e  stom ach ; o th e r  
c o m b in a tio n s  w ere found  a l s o .  At Sm ith  Lake and J e t t e  L ake , th e  in g e s ­
t i o n  o f  r e d  s h in e r s  b y  T . e le g a n s  v a g ra n s , and  n o t by  T . s i r t a l i s  
p a r i e t a l i s , was a n o th e r  fo o d  s e l e c t i o n  w hich c r e a te d  a  s i t u a t i o n  f o r  co­
e x is te n c e  w ith o u t d i e t a r y  o v e r la p .
The p o p u la t io n  s i z e s  a t  th e  s i x  c o l l e c t i o n  s i t e s  were m easured  
by  a  mark and  r e c a p tu r e  m ethod . The r e s u l t s  w ere a n a ly z e d  s t a t i s t i c a l l y  
b y  u s in g  a  m ethod w hich was d e s ig n e d  b y  S chnabel (1 9 3 6 ) . The e s t im a te s  
in c r e a s e d  i n  a c c u ra c y  a s  t h e  num bers o f  r e c a p tu r e s  in c r e a s e d ;  th e  model 
d id  n o t ta k e  i n t o  c o n s id e r a t io n  a n  in d iv id u a l  w hich was r e c a p tu r e d  more 
th a n  one t im e .  The m ain a ss ru n p tio n  o f  th e  model was t h a t  t h e r e  was no 
r e c ru i tm e n t  o f  i n d iv id u a l s  f r a n  th e  s u r ro u n d in g  env ironm en t o r  e m ig ra t io n  
o f  in d iv id u a ls  t o  th e  s u r ro u n d in g  e n v iro n m e n t.
The model was i n e f f e c t i v e  i n  e s t im a t in g  th e  s i z e  o f  th e  m ost d i s ­
tu r b e d  s i t e  such  a s  S m ith  L ake . B io lo g ic a l  o b s e rv a t io n s  were u se d  t o
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su p p o r t  o r  n u l l i f y  an sw ers  o f  th e  s t a t i s t i c a l  model f o r  each  s i t e .  How­
e v e r ,  t h e  b i o lo g i c a l  and  i n t u i t i v e  o b s e rv a t io n s  o f  th e  a u th o r  in d ic a te d  
t h a t  p o p u la t io n  s i z e  c o u ld  be  u se d  a s  a  v a l i d  m o n ito r o f  e n v iro n m en ta l 
d i s tu r b a n c e s .  As f o r  f u r t h e r  u s e s  o f  th e  mark—re c a p tu r e  m ethod, i t  c o u ld  
b e  u s e d  c o o p e r a t iv e ly  w ith  p o l lu t i o n  s t u d i e s  in  d is tu r b e d  a re a s  i n  o rd e r  
t o  p ro c u re  a  more co m p le te  p i c tu r e  o f  th e  e f f e c t s  o f  p o l lu t io n  on a  
s p e c i e s .
A c u r s o ry  rev ie w  o f  th e  g e n e t ic a l  v a r i a t i o n  o f  s c a le  c o u n ts  and 
c o lo r  p a t t e r n  was c o m p le te d . B o th  th e  r e d - s id e d  g a r t e r  snake and th e  
w an d erin g  g a r t e r  sn ak e  d is p la y e d  a  w ide ran g e  o f  c o u n ts  i n  l a b i a l s  ; th e  
re d —s id e d  g a r t e r  snake  had  e x t r a  s c a l e s  among th e  u p p e r l a b i a l s  and  th e  
w an d erin g  g a r t e r  sn ak e  had  a  f r e q u e n t  o c c u rre n c e  o f  u n d iv id e d  c a u d a l 
s c a l e s .
The g e n e t ic  s tu d y  was a  r e s e a r c h  p r o je c t  w hich in c o rp o ra te d  d a ta  
from  th e  l i t t e r s  o f  t h r e e  g r a v id  Tham nophis, from  th e  sn ak es  from  th e  s i x  
c o l l e c t i o n  s i t e s  and  from  U n iv e r s i ty  o f  M ontana museum sa m p le s . A s t a ­
t i s t i c a l  a n a ly s i s  o f  a  fo rm er s tu d y  by  Todd ( 1965) was in c lu d e d  i n  o rd e r  
t h a t  a  more a c c u ra te  p i c t u r e  o f  th e  v a r i a t i o n  i n  w e s te rn  M ontana c o u ld  be 
o b ta in e d .  The d a ta  from  th e  g e n e t ic  s tu d y  w ere in c lu d e d  ^  t o t o  i n  th e  
A ppendix so  t h a t  f u r t h e r  r e s e a r c h  i n  t h i s  r e g io n  w ould be  p u rsu e d .
Snakes o f  th e  genus Tham nophis have b een  u se d  a s  b i o lo g i c a l  i n ­
d i c a to r s  i n  many s t a t e s .  T h is  s tu d y  h a s  c r e a te d  a  b a s i s  f o r  i n v e s t i g a t i o n  
i n  many a r e a s  o f  th e  b io lo g y  o f  g a r t e r  s n a k e s .  Most s i g n i f i c a n t  was t h e i r  
u se  i n  heavy  m e ta l a n a ly s e s  ; i t  was hoped t h a t  more e n v iro n m en ta l s t u d i e s  
i n  M ontana w i l l  in c lu d e  h e r  p e t  o f  a u n a , a s  a  r e s u l t  o f  t h i s  t h e s i s .
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lab oratory  Data on R etained Gravid Thajnnophis
Species Brood S i te D atesM ain ta ined
Number 
o f  Days
Number 
i n  L i t t e r
Number o f 
Live Snakes
Number P a r t i a l l y  
Developed 
Embryos
Number of 
Eggs
T. e*
vagrans I Dahl Lake
June 20 -  
J u ly  2, 1974 18 12 cf, 6 $ None A ll 1
T . e .
v aaran s I I
Breneman’ s
Marsh
June 21 -  
S e p t. 11, 1974 82 4 < f, 8 9 4 o ’, 7 9 1 9 ,  1 (unknown) 2
T . S»
p a r i e t a l i s I I I Sm ith Lake
June 20 -  
Aug. 26, 1974 67 6 ( f ,  7 9 6 < f, 7 9 None None
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Thamnophis s i r t a l i s  p a r i e t a l i s Thamnophis e leg an s  vagrrans
L a b ia l Count K P e rc e n t L a b ia l  Count N P e rc e n t
( 7- 7 ) 1 0 -1 0 ) 8 29 (8 —8 ) (1 0 —10) 3 100
( 7- 7 ) 9 -1 0 ) 2 7
( 7- 7 ) 9-  9 ) 1 4
( 7- 8 ) 10 -1 0 ) 2 7
( 7- 3 ) 10 - 9 ) 1 4
( 8- 7 ) 1 0 -1 0 ) 5 18
( 8- 7 ) 1 0 - 9 ) 1 4
( 8 - 8 ) 1 0 -1 0 ) 3 11
( 7- 7 ) 1 0 - 9 ) 2 7
( 8 - 8 ) 1 1 -1 0 ) 1 4
( 7- 8 ) 9- 10) 1 4
Tham norhis s i r t a l i s  p a r i e t a l i s Thamnophis e leg an s vagrans
U p p er L a b ia l  N P e rc e n t Lower L a b ia l N P e rc e n t U pper L a b ia l  N P e rc e n t Lower L a b ia l N P e rc e n t
( 7- 7 ) 12 44 (1 0 -1 0 ) 19 70 ( 8 - 8 ) 3 100 (1 0 -1 0 ) 3 100
( 7- 8 ) 4 15 ( 9- 10) 2 7
( 8 - 8 ) 5 19 ( 9-  9 ) 1 4
( 8- 7 ) 6 22 ( 1 0 -  9 ) 4 15
(1 1 -1 0 ) 1 4■D
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Thamncohis s i r t a l i s p a r i e t a l i s Thamnophis e leg an s  vagrans
L ab ial Count K P ercen t L ab ia l Count N P ercent
(7 -8 ) (10-10) 2 12 (8 -8 )  (10-10) 11 55
(7 -8 ) (11-10) 1 5 (8 -8 )  ( 9 -10) 2 10
(7 -8 )  ( 9 - 9 ) 8 46 (8 -8 )  ( 1 0 - 9 )  1 5
(7 -7 ) (10 -10) 1 5 (8 -8 )  ( 9- 9 ) 1 5
(7 -7 )  (1 0 -  9 ) 2 12 (7 -7 )  ( 10- 10) 1 5
(8 -7 )  (10 -10 ) 1 5 (7 -7 )  ( 9 - 8 )  1 5
(8 -8 )  (10 -10 ) 1 5 (7 -7 )  ( 9 -10) 1 5
(8 -9 )  (1 0 -1 0 ) 1 5 (7 -8 ) (10-10) 2 10
(7 -7 )  ( 9 -  9 ) 1 5
Tham norhis s i r t a l i s  p a r i e t a l i s Thamnophis eleaians v asran s
Upper L ab ia l K P ercen t Lower L ab ia l N P ercen t Upper L ab ia l N Percent Lower L abial N Percent
(7 -8 )  4 22 (10-10) 14 78 (8 -8 ) 15 75 ( 10- 10) 14 70
(7 -7 )  10 56 (11-10) 1 5 (7 -7 ) 3 15 ( 9-10) 3 15
(8 -9 )  1 5 ( 9 -  9) 2 12 (7 -8 )  2 10 ( 9 - 9 ) 1 5
(8 -7 )  2 12 (1 0 -  9) 1 5 ( 10-  9 ) 1 5
(8 -8 )  1 5 ( 9 -  8) 1 5
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Thamnoühis s i r t a l i s p a r i e t a l i s Thamnophis e lep an s vagrans
L ab ial Count N P ercen t L ab ia l Count N Percent
(7 -7 ) (10-10) 7 35 (8 -8 ) (10-10) ' 24 68
(7 -7 ) (1 0 -  9) 1 5 (8 -8 )  ( 9-10) 2 6
(7 -8 ) ( 9 -10) 2 10 (8 -8 ) (1 0 -  9) 2 6
(7 -8 ) (10-10) 2 10 (8 -8 ) { 9 -  9) 2 6
(7 -7 )  ( 9 -  9) 1 5 (8 -7 )  (10-10) 3 8
(8 -8 )  ( 9 -10) 1 5 (7 -8 ) ( 9 -10) 1 3
(8 -8 ) (10-10) 3 15 (7 -7 )  ( 9-10) 1 3
(8 -8 )  ( 9 - 9 ) 1 5
(8—7) (10—10) - 2 10
Thamnophis s i r t a l i s  p a r i é t a l i s Thamnophis e leg an s vagrans
Upper L ab ia l F P6rc e n t Lower L ab ia l N Percent Upper L ab ial N Percent Lower L abial K Percent
(7 -7 ) 9 45 (10-10) 14 70 (8 -8 ) 30 86 (10-10) 27 77
(7 -8 ) 4 20 (1 0 -  9 ) 1 5 (8 -7 )  3 8 ( 9-10) 4 11
(8 -7 ) 2 10 ( 9 -10) 3 15 (7 -8 ) 1 3 (1 0 - 9) 2 6
(8 -8 ) 5 25 ( 9 -  9 ) 2 10 (7 -7 ) 1 3 ( 9 -  9) 2 6
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Lake Rogers
Tham noohis s i r t a l i s  p a r i e t a l i s Tham nophis e le g a n s  v a e r a n s
L a b ia l  Count N P e rc e n t L a b ia l Count N P e rc e n t
(7 - 7 )  (1 0 -1 0 ) 10 33 ( 8 - 8 ) 10-1 0 ) 22 55
( 7- 7 ) ( 1 0 -  9 ) 2 6 ( 8 - 8 ) 9- 10) 4 9
(7 - 7 )  ( 9 -1 0 ) 6 20 (8 - 8 ) 10-  9 ) 1 3
( 7- 7 ) ( 9-  9 ) 2 6 ( 8- 7 ) 10-1 0 ) 1 3
(7 - 8 )  (1 0 -1 0 ) 2 6 ( 8- 7 ) 8-  9 ) 1 3
( 8 - 8 )  (1 0 -1 0 ) 2 6 ( 7- 8 ) 9-  9 ) 1 3
( 8 - 8 )  ( 9 -  9 ) 1 3 ( 7- 8 ) 10-1 0 ) 2 5
( 8 - 7 )  (1 0 -1 0 ) 5 17 ( 7- 8 ) 9 - 10) 1 3
( 8 - 7 )  ( 1 0 -  9 ) 1 3 ( 7- 7 ) 9-  9 ) 3 7
( 7- 7 ) 8- 8 ) 1 3
( 6 - 8 ) 8-  8 ) 1 3
( 9- 8 ) 10-1 0 ) 1 3
T ham noohis s i r t a l i s  o a r i e t a l i s Tham nophis e l e ^ n s  va  g ra n s
U pper L a b ia l N P e rc e n t Lower L a b ia l N P e rc e n t U pper L a b ia l N P e rc e n t Lower L a b ia l N" P e rc e n t
( 7 - 7 ) 19 61 ( 9-  9 ) 4 13 ( 8 - 8 ) 27 69 (1 0 -1 0 )  26 66
( 7- 8 ) 3 10 ( 1 0 -  9 ) 3 10 ( 8- 7 ) 2 5 ( 10-  9 ) 1 3
( 8- 7 ) 6 19 ( 1 0 - 1 0 ) 18 58 ( 7- 8 ) 4 10 ( 9- 10) ? 13
( 8 - 8 ) 3 10 ( 9- 10) 6 19 ( 7- 7 ) 4 10 ( 9- 9 ) i  10
( 6 - 8 ) 1 3 ( . 8 -  9 ) 1 3
( 9- 8 ) 1 3 ( 8 -  8 ) 2 5
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L ab ia l Count N P ercen t L ab ia l Count
Thamnophis e leg an s  vagyans
N Percent
(7 -8 ) (10-10) 4 29 (8 -8 )  (10-10) 3 36
(7 -7 ) (10-10) 8 51 (8 -8 ) ( 9-10) 1 13
(7 -7 ) ( 9 -10) 2 14 (8 -8 ) ( 9 - 9 )  1 13
(8 -8 ) ( 1 0 - 9 )  1 13
(7 -8 )  (10-10) 2 25
Thamnophis s i r t a l i s  o a r i e t a l i s Thamnophis e leg an s v aw an s
Upper L ab ia l N P e rcen t Lower L ab ia l N P ercen t Upper L ab ia l N P ercen t Lower L ab ial N Percen t
(7 -7 )  10 71 (10 -10 ) 12 86 (8 -8 ) 6 75 (10-10) 5 61
(7 -8 )  4 29 ( 9 -1 0 ) 2 14 (7 -8 )  2 25 ( 9-10) 1 1}
( 1 0 - 9 ) 1 13
( 9 -  9) 1 13
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L ab ia l Counts N Percent
-T. e .  V ,
(8 -8 ) (1 0 -1 0 ) 9 50
(7 -8 ) ( 9 -1 0 ) 1 6
(7 -8 ) ( 9 -  9 ) 1 6
(7 - 7 ) ( 10-10) 1 6
(8 - 8 ) ( 8—10) 11
( 8—8 ) ( 9 -  9 ) 1 6
(8 -8 ) ( 8— 8 ) 1 6
(9 - 8 ) (1 0 -1 0 ) 1 6
(7 -8 ) (1 0 -1 0 ) 1 6
U pper L a b ia l N P e rc e n t Lower L a b ia l N P e rce n t
(8 -8 ) 13 72 (1 0 -1 0 ) 12 66
(7 -8 ) 3 16 ( 9 -1 0 ) 1 6
(7 -7 ) 1 6 ( 9 -  9 ) 2 11
(9—8) 1 6 ( 8 -  8 ) 1 6
( 8 -1 0 ) 2 11
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